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Part 1: Course Overview

CRXUVe ObMecWLYeV

The Pediatric Advanced Life Support (PALS) Provider Course is designed for healthcare providers who manage
respirator\ and/or cardiovascular emergencies and cardiopulmonar\ arrest in pediatric patients. B\ preparing for the
course and participating in the skills stations and simulated cases, \ou will enhance the recognition of and
intervention for respirator\ emergencies, shock, and cardiopulmonar\ arrest.

During the course, \ou will participate in a series of case scenario practices with simulations that reinforce important
concepts, including

GRal Rf Whe PALS PURYideU CRXUVe

The PALS Provider Course aims to improve outcomes for pediatric patients b\ preparing healthcare providers to
effectivel\ recogni]e and intervene in patients with respirator\ emergencies, shock, and cardiopulmonar\ arrest b\
using high-performance team d\namics and high-qualit\ individual skills.

LeaUQiQg ObjecWiYeV

After successfull\ completing this course, \ou will be able to

CRXUVe DeVcUiSWiRQ

To help \ou achieve these objectives, the PALS Provider Course includes

BLS Competenc\ Testing

To receive an AHA PALS Provider course completion card, \ou must pass 2 BLS tests: the Child CPR and AED Skills
Test and the Infant CPR Skills Test.

The PALS Provider Course does not include detailed instructions on how to perform basic CPR or how to use an
automated e[ternal deÀbrillator (AED), so \ou must know this in advance. Consider taking a BLS course to prepare, if
necessar\.

Identif\ing and treating problems that place the child at risk for cardiac arrest
Appl\ing a s\stematic approach to pediatric assessment
Using the evaluate-identif\-intervene sequence
Using the PALS algorithms and Áowcharts
Demonstrating effective resuscitation team d\namics

Perform high-qualit\ cardiopulmonar\ resuscitation (CPR) per American Heart Association (AHA) basic life
support (BLS) recommendations
Perform \our role as a high-performance team member
Differentiate between patients who require immediate intervention and those who don·t
Differentiate between respirator\ distress and failure
Perform earl\ interventions for respirator\ distress and failure
Differentiate between compensated and h\potensive shock
Perform earl\ interventions for the treatment of shock
Differentiate between unstable and stable patients with d\srh\thmias
Demonstrate treatment of d\srh\thmias
Implement postarrest management

BLS competenc\ testing
Skills stations
Case scenario discussions and simulations
Case scenario testing stations
An e[am



Before taking the PALS Provider Course, read the PALS PUoYideU ManXal to prepare for taking the BLS tests.

Skills Stations

The course includes the following skills stations:

In the skills stations, \ou will use the skills station competenc\ checklists as \ou practice speciÀc skills and then
demonstrate competenc\. Your instructor will evaluate \our skills b\ using the criteria in these checklists.

To prepare, see the Appendi[ for the skills station competenc\ checklists, which list detailed steps for performing each
skill.

AirZa\ Management Skills Station

In the Airwa\ Management Skills Station, \ou will show \our understanding of o[\gen (O2) deliver\ s\stems and
airwa\ adjuncts. You will practice and demonstrate competenc\ in airwa\ and breathing supports, including

If it is within \our scope of practice, \ou ma\ be asked to demonstrate advanced airwa\ skills, including correctl\
inserting an ET tube.

Review the Bag-Mask Ventilation and Endotracheal Intubation sections in Resources for Managing Respirator\
Emergencies in Part 8 of this manual to learn more about airwa\ management skills.

Rh\thm DistXrbances/Electrical Therap\ Skills Station

In the Rh\thm Disturbances/Electrical Therap\ Skills Station, \ou will practice and demonstrate competenc\ in
identif\ing rh\thms and operating a cardiac monitor and manual deÀbrillator. Skills include

If necessar\, consider taking a BLS course to learn about cardiac monitoring and manual deÀbrillation. Review the
following resources in the PALS PUoYideU ManXal before the course to help \ou with rh\thm identiÀcation, cardiac
monitoring, and manual deÀbrillation

VascXlar Access Skills Station

In the Vascular Access Skills Station, \ou will practice intraosseous (IO) access and other related skills, including

Airwa\ Management
Rh\thm Disturbances/Electrical Therap\
Vascular Access

Inserting an orophar\ngeal airwa\
Providing effective bag-mask ventilation
Suctioning with an orophar\ngeal airwa\ and endotracheal (ET) tube
ConÀrming advanced airwa\ device placement b\ ph\sical e[amination and an e[haled CO2 detector device
Securing the ET tube

Correctl\ placing electrocardiographic (ECG) leads
Correctl\ selecting and placing or positioning the paddles or pads
Identif\ing rh\thms that require deÀbrillation
Identif\ing rh\thms that require s\nchroni]ed cardioversion
Operating a cardiac monitor
Safel\ performing manual deÀbrillation and s\nchroni]ed cardioversion

Rh\thm Recognition Review in the Appendi[
Management: Pediatric Brad\cardia With a Pulse in Part 12: Managing Arrh\thmias
Managing Tach\arrh\thmias in Part 12: Managing Arrh\thmias
Table 22: Summar\ of High-Qualit\ CPR Components for BLS Providers in Part 5: Recogni]ing and Managing
Cardiac Arrest
Pediatric Cardiac Arrest Algorithm in Part 5: Recogni]ing and Managing Cardiac Arrest

Inserting an IO needle
Summari]ing how to conÀrm that the needle has entered the marrow cavit\
Summari]ing/demonstrating the method of giving an intravenous (IV)/IO bolus
Using color-coded length-based resuscitation tape to calculate correct drug doses



Review the Intraosseous Access and Color-Coded Length-Based Resuscitation Tape sections in Resources for
Managing Circulator\ Emergencies in Part 10 of this manual to learn more about vascular access skills.

PALS Case Scenario DiscXssions and Case Scenario Practice With SimXlations

In the learning stations, \ou will participate in a variet\ of learning activities, including

In these learning stations, \ou will practice essential skills both individuall\ and as part of a team. Because this course
emphasi]es effective team skills as a vital part of the resuscitative effort, \ou·ll practice as a team member and as a
Team Leader.

The focus of the PALS Provider Course is to teach \ou to use a s\stematic approach when caring for a criticall\ ill or
injured child. Read and stud\ the entire PALS PUoYideU ManXal to understand all the necessar\ concepts.

PALS Case Scenario Testing Stations

At the end of the course, \our team must pass 2 case scenario testing stations to demonstrate the course objectives.
You ma\ use the PALS Reference Card and the 2020 Handbook of EmeUgenc\ CaUdioYaVcXlaU CaUe foU HealWhcaUe
PUoYideUV (Handbook of ECC). These simulated clinical scenarios will test the following:

This evaluation emphasi]es \our abilit\ to integrate BLS and PALS skills according to each person·s scope of
practice.

Review the Roles in a High-Performance Team section in Part 6: Effective High-Performance Team D\namics in this
manual to prepare \ourself to participate as a Team Leader in the case scenario testing stations.

E[am

The e[am measures \our master\ of cognitive skills. You must score at least 84% on the e[am in the classroom-
based course to meet course completion requirements. The AHA has an open-resource polic\ for e[ams in eLearning
and classroom-based courses.

Open UeVoXUce means that students ma\ refer to other resources while completing the e[am. These resources could
include the provider manual, either in printed form or as an eBook on a personal device; an\ notes the student took
during the provider course; the Handbook of ECC; the 2020 AHA GXidelineV foU CPR and ECC; posters; etc. Open
UeVoXUce does not mean open discussion with other providers or the instructor.

PUecRXUVe PUeSaUaWLRQ

To pass the PALS Provider Course, \oX mXVW pUepaUe befoUe Whe coXUVe. Do the following:

PUecRXUVe Self-AVVeVVPeQW aQd PUecRXUVe WRUk

Complete the precourse self-assessment at eLearning.heart.org/courses before \ou take the PALS Provider
Course. (Refer to the PALS Student Resources section for details about how to access this resource.) Print \our
certiÀcate of completion and bring it with \ou to the course. Because the PALS Provider Course does not teach
algorithms, ECG recognition, pharmacolog\, or BLS skills, use the precourse self-assessment to identif\ an\

Case scenario discussions, using a s\stematic approach for evaluation and decision-making
Case scenario practice with simulations

Abilit\ to evaluate and identif\ speciÀc clinical conditions covered in the course
Recognition and management of respirator\ and shock emergencies
Interpretation of core arrh\thmias and management b\ using appropriate medications and electrical therap\
Performance as an effective Team Leader

Take the precourse self-assessment and, if requested b\ \our instructors, complete the online precourse work
Make sure \ou are proÀcient in BLS skills
Practice identif\ing and interpreting core ECG rh\thms
Stud\ basic pharmacolog\ and know when to use which drug
Practice appl\ing \our knowledge to clinical scenarios



deÀciencies in \our knowledge of these topics. The precourse self-assessment will summari]e \our strengths and
weaknesses. Stud\ the applicable content in the PALS PUoYideU ManXal or other supplementar\ resources.

If requested b\ \our instructor, also complete the online precourse work (video lessons) at
eLearning.heart.org/courses. You must pass the precourse self-assessment before gaining access to the video
lessons. The precourse work will ensure that \ou are prepared for the course.

BLS SkillV

Strong BLS skills are the foundation of advanced life support. Ever\one who cares for pediatric patients must be able
to perform high-qualit\ CPR, because without it, PALS interventions will fail. For this reason, \ou must pass the Child
CPR and AED and Infant CPR Skills Tests in the PALS Provider Course. Make VXUe WhaW \oX aUe pUoÀcienW in BLS
VkillV befoUe aWWending Whe coXUVe.

Refer to the BLS Competenc\ Testing section in the Appendi[ for testing requirements and resources.

ECG Rh\WhP IdeQWiÀcaWiRQ

You must be able to identif\ and interpret the following core rh\thms during case scenario practice with simulations
and case scenario tests:

The ECG rh\thm identiÀcation section of the precourse self-assessment will help \ou evaluate \our abilit\ to identif\
these core rh\thms. If \ou have difÀcult\ with pediatric rh\thm identiÀcation, stud\ the Rh\thm Recognition Review
section in the Appendi[.

BaVic PhaUPacRlRg\

You must know basic information about drugs used in the PALS algorithms and Áowcharts, including the indications,
contraindications, and methods of administration. You will need to know Zhen to use Zhich drug based on the clinical
situation.

The pharmacolog\ section of the precourse self-assessment will help \ou evaluate and refresh \our knowledge of
medications used in the course. If \ou have difÀcult\ with this section of the precourse self-assessment, stud\ the
PALS PUoYideU ManXal and the Handbook of ECC.

PUacWical ASSlicaWiRQ Rf KQRZledge WR CliQical SceQaUiRV

The practical application section of the precourse self-assessment will help \ou evaluate \our abilit\ to appl\
\our knowledge to clinical scenarios. You will need to make decisions based on

You should understand the S\stematic Approach Algorithm and the evaluate-identif\-intervene sequence. Review the
core rh\thms and medications. Be familiar with the PALS algorithms and Áowcharts so that \ou can appl\ them to
clinical scenarios, but note that the PALS Provider Course does not teach the details of each algorithm. You can Ànd
more information in the PALS PUoYideU ManXal, PALS student resources at eLearning.heart.org/courses, and the
Handbook of ECC.

CRXUVe MaWeULaOV

Normal sinus rh\thm
Sinus brad\cardia
Sinus tach\cardia
Supraventricular tach\cardia
Ventricular tach\cardia
Ventricular Àbrillation
As\stole
Pulseless electrical activit\

The S\stematic Approach Algorithm and the evaluate-identif\-intervene sequence
IdentiÀcation of core rh\thms
Knowledge of core medications
Knowledge of PALS Áowcharts and algorithms



The PALS Provider Course materials consist of the PALS PUoYideU ManXal, the PALS Reference Card, and
the student resources at eLearning.heart.org/courses.

PALS ProYider ManXal

The PALS PUoYideU ManXal contains important information that \ou will use befoUe, dXUing, and afWeU the course. This
material includes concepts of pediatric evaluation and the recognition and management of respirator\, shock, and
cardiac emergencies. RemembeU Wo Wake WhiV manXal ZiWh \oX Wo claVV. Throughout the PALS PUoYideU ManXal, \ou
will Ànd speciÀc information in the following callout bo[:

Critical Concepts
These bo[es contain the most important information \ou must know, including speciÀc risks associated with certain
interventions and additional background on ke\ topics this course covers.

PALS RefeUeQce CaUd

The PALS Reference Card is a valuable learning aid that contains the following resources:

Take \our PALS Reference Card with \ou to the course to use as a reference during the case scenario discussions
and the e[am.

PALS SWXdeQW ReVRXUceV

Go to eLearning.heart.org/courses to access the precourse self-assessment as well as additional information
about basic PALS concepts. If \ou haven·t alread\ logged in, the s\stem will ask \ou to do so. If \ou haven·t visited
the site before, \ou·ll be prompted to set up an account. Once logged in, Ànd \our course name and select Launch to
begin.

The precourse self-assessment is a vital part of \our course preparation. Feedback from this assessment will help
\ou identif\ gaps in \our knowledge so that \ou can target speciÀc material to stud\.

The precourse self-assessment has 3 parts:

Complete these assessments befoUe Whe coXUVe to identif\ gaps in and improve \our knowledge. Print out \our
certiÀcate of completion and take it with \ou to the course.

Student Resources also include PALS videos, precourse work (video lessons) if assigned, a precourse preparation
checklist, and supplementar\ information.

CRXUVe CRPSOeWLRQ ReTXLUePeQWV

Vital Signs in Children
PALS S\stematic Approach Algorithm
Pediatric Septic Shock Algorithm
Drugs Used in PALS
Pediatric Color-Coded Length-Based Resuscitation Tape Chart
Pediatric Cardiac Arrest Algorithm
Pediatric Brad\cardia With a Pulse Algorithm
Pediatric Tach\cardia With a Pulse Algorithm
PALS Management of Shock After ROSC Algorithm
Components of Post²Cardiac Arrest Care

ECG rh\thm identiÀcation
Pharmacolog\
Practical application



To successfull\ complete the PALS Provider Course and obtain \our course completion card, \ou must

ScLeQce USdaWe

We have updated the PALS Provider Course to incorporate the recommendations of the 2020 AHA GXidelineV foU
CPR and ECC. On an ongoing basis, hundreds of international resuscitation scientists and e[perts evaluate, discuss,
and debate thousands of scientiÀc publications. Then, the\ reach consensus on the best treatments based on the
evidence, which form the basis for developing the guidelines. Some recommendations are new, whereas others
modif\ previous recommendations. The following list highlights man\ of the ke\ recommendations for pediatric basic
and advanced life support.

MajRU ScieQce ChaQgeV iQ 2020

Some of the major science changes in 2020 include the following:

ReVSiUaWRU\ RaWe

Because of lack of pediatric studies, respirator\ rates during pediatric CPR have previousl\ been e[trapolated from
adult data. Data show that higher ventilation rates (at least 30 breaths/min in infants \ounger than 1 \ear and at least
25 breaths/min in children 1 \ear and older) were associated with improved rates of ROSC and survival in cardiac
arrest. When performing CPR in infants and children with an advanced airwa\ in place, it ma\ be reasonable to target
a respirator\ rate range of 1 breath ever\ 2 to 3 seconds (20-30 breaths/min), accounting for age and clinical
condition.

CXffed EQdRWUacheal TXbeV

Intubation with a cuffed endotracheal tube can improve capnograph\ and ventilation in patients with poor pulmonar\
compliance and decrease the need for endotracheal tube changes. Three s\stematic reviews of the literature show
that cuffed tubes decrease the need for reintubation, improve successful ventilation and the accurac\ of capnograph\,
and ma\ decrease the risk of aspiration.

CUicRid PUeVVXUe

Although cricoid pressure ma\ be useful in certain circumstances, clinical studies show that its routine use reduces
the rate of Àrst-attempt intubation success because it can impede visuali]ation during lar\ngoscop\ and chest rise

Activel\ participate in, practice, and complete all skills stations and learning stations
Pass the Child CPR and AED and Infant CPR Skills Tests
Pass an e[am with a minimum score of 84% (classroom-based course onl\)
Pass 2 PALS case scenario tests

High-qualit\ CPR should focus on providing adequate chest compression rate and depth, minimi]ing interruptions
in CPR, allowing complete chest recoil between compressions, and avoiding e[cessive ventilation.
Target a respirator\ rate of 20 to 30 breaths per minute for infants and children who are receiving CPR with an
advanced airwa\ in place or are receiving rescue breathing and have a pulse.
For patients with nonshockable rh\thms, the earlier epinephrine is administered after CPR initiation, the more
likel\ the patient is to survive.
Using a cuffed endotracheal tube decreases the need for endotracheal tube changes.
The routine use of cricoid pressure does not reduce the risk of regurgitation during bag-mask ventilation and ma\
impede intubation success.
For out-of-hospital cardiac arrest, bag-mask ventilation is reasonable compared with advanced airwa\
interventions such as endotracheal intubation.
Resuscitation does not end with return of spontaneous circulation (ROSC). E[cellent post²cardiac arrest care is
criticall\ important to achieving the best patient outcomes. For children who do not regain consciousness after
ROSC, this care includes targeted temperature management and continuous electroencephalograph\ monitoring.
For all children, the prevention and/or treatment of h\potension, h\pero[ia or h\po[ia, and h\percapnia or
h\pocapnia is important.
In addition to standard BLS care, nalo[one is recommended for all pediatric patients with respirator\ arrest due to
suspected opioid overdose.
For septic shock, providers can administer either 10 mL/kg or 20 mL/kg of Áuid with frequent reassessment for
Áuid overload. For Áuid-refractor\ septic shock, use epinephrine or norepinephrine infusions.



with bag-mask ventilation. Therefore, routine use of cricoid pressure is not recommended during endotracheal
intubation of pediatric patients.

EaUl\ ESiQeShUiQe

The goal of epinephrine administration during CPR is to optimi]e coronar\ perfusion pressure and maintain cerebral
perfusion pressure. Earlier administration of epinephrine during CPR ma\ increase survival-to-discharge rates. For
pediatric patients in an\ setting, it is reasonable to administer the initial dose of epinephrine within 5 minutes after the
start of chest compressions.

DiaVWRlic BlRRd PUeVVXUe WR GXide CPR

For patients with continuous invasive arterial blood pressure monitoring in place at the time of cardiac arrest, it is
reasonable for providers to use diastolic blood pressure to assess CPR qualit\. Although ideal blood pressure targets
during CPR are not known, diastolic blood pressure is a marker of adequate blood Áow during CPR and ma\ be used
if an arterial line is in place.

Sei]XUeV AfWeU CaUdiac AUUeVW

Post²cardiac arrest sei]ures are common. Man\ are nonconvulsive, which can be detected onl\ with
electroencephalograph\ monitoring. When resources are available, continuous electroencephalograph\ monitoring is
recommended for detecting sei]ures after cardiac arrest in patients with persistent encephalopath\. It is
recommended to treat clinical sei]ures that follow cardiac arrest.

SeSWic ShRck

Previous AHA guidelines for managing septic shock included aggressive (20 mL/kg) Áuid boluses and lacked
additional guidance. The 2020 AHA GXidelineV foU CPR and ECC suggest a more tailored approach to Áuid
administration and provide recommendations for vasopressor use. In patients with septic shock, it is reasonable to
administer Áuid boluses in 10-mL/kg or 20-mL/kg aliquots with frequent reassessment. After ever\ Áuid bolus,
providers should reassess the patient for Áuid responsiveness and for signs of volume overload. Either isotonic
cr\stalloids or colloids can be effective as the initial Áuid choice for resuscitation, and either balanced or unbalanced
solutions can be effective as the Áuid choice for resuscitation. In infants and children with Áuid-refractor\ septic shock,
it is reasonable to use either epinephrine or norepinephrine as an initial vasoactive infusion.

OSiRid OYeUdRVe

Pediatric opioid overdose management is the same as it is for adults. For a patient with suspected opioid overdose
who has a deÀnite pulse but no normal breathing or is onl\ gasping (ie, a respirator\ arrest), in addition to providing
standard BLS care, it is reasonable for responders to administer intramuscular or intranasal nalo[one.

The ChaLQ Rf SXUYLYaO

For man\ \ears, the American Heart Association has adopted, supported, and helped develop the concept of
emergenc\ cardiovascular care. The term Chain of SXUYiYal provides a useful metaphor for the elements of the
emergenc\ cardiovascular care s\stems-of-care concept. The Chain of Survival shows the actions that must take
place to give the cardiac arrest victim the best chance of survival. Each link is independent, \et connected, to the links
before and after. If an\ link is broken, the chance for a good outcome decreases.

OYeUYieZ

Cardiac arrest can happen an\where³on the street, at home, or in a hospital emergenc\ department (ED), in-patient
bed, or intensive care unit. Elements in the s\stem of care and order of actions in the pediatric Chains of Survival
differ based on whether the victim has the arrest outside the hospital or inside the hospital.

Actions in the pediatric Chains of Survival differ according to setting (in-hospital vs out-of-hospital). Here are the
speciÀc pediatric Chains of Survival (Figure 1):

Pediatric in-hospital cardiac arrest
Pediatric out-of-hospital cardiac arrest



FigXUe 1A. AmeUican HeaUW
AVVociaWion 2020 pediaWUic
ChainV of SXUYiYal. LinkV in
Whe pediaWUic Chain of
SXUYiYal Zill diffeU baVed on
ZheWheU Whe aUUeVW occXUV in
oU oXW of Whe hoVpiWal. A,
PediaWUic In-HoVpiWal Chain
of SXUYiYal.

FigXUe 1B. PediaWUic OXW-of-
HoVpiWal Chain of SXUYiYal.

ChaiQ Rf SXUYiYal ElePeQWV

Although there are slight differences in the pediatric Chains of Survival based on the location of the cardiac arrest,
each includes the following elements:

Prevention and preparedness
Activating the emergenc\ response s\stem
High-qualit\ CPR, including earl\ deÀbrillation
Advanced resuscitation interventions
Post²cardiac arrest care
Recover\



PaUW 2: ReYLeZ RI BLS aQd AED IRU IQIaQWV aQd CKLOdUeQ

This ParW describes BLS for infanWs and children and discXsses Xsing an AED in infanWs and children \oXnger Whan 8
\ears.

The folloZing age deÀniWions are Xsed in BLS:

LHaUQLQJ ObMHcWLYHV

AfWer compleWing Whis ParW, \oX shoXld be able Wo

BLS IRU IQIaQWV aQG CKLOGUHQ

PediaWUic BLS AlgRUiWhm fRU HealWhcaUe PURYideUV³SiQgle ReVcXeU

The PediaWric BLS AlgoriWhm for HealWhcare ProYiders³Single RescXer oXWlines sWeps for a single rescXer of an
XnresponsiYe infanW or child (FigXre 2). Refer Wo Whis algoriWhm as \oX read Whe folloZing sWeps.

FLJXUH 2. PHGLaWULF BLS
AOJRULWKP IRU HHaOWKFaUH
PURYLGHUV³SLQJOH RHVFXHU.

IQfaQW aQd Child 1-ReVcXeU BLS SeTXeQce

In Whese seqXences, \oX are Whe rescXer. If \oX are alone and encoXnWer an XnresponsiYe infanW or child, folloZ Whe
sWeps oXWlined in Whe PediaWric BLS AlgoriWhm for HealWhcare ProYiders³Single RescXer (FigXre 2).

VeUif\ VceQe VafeW\, check fRU UeVSRQViYeQeVV, aQd geW helS (SWeSV 1 aQd 2)

The ÀrsW rescXer Zho arriYes aW Whe side of an XnresponsiYe infanW or child shoXld qXickl\ perform Whe folloZing sWeps:

InfanWs are \oXnger Whan 1 \ear (e[clXding Whe neZl\ born).
Children range from 1 \ear of age Wo pXberW\. Signs of pXberW\ inclXde chesW or Xnderarm hair on bo\s and an\
breasW deYelopmenW in girls.

Perform high-qXaliW\ CPR for a child
Perform high-qXaliW\ CPR for an infanW
Describe Whe imporWance of earl\ Xse of an AED for infanWs and children \oXnger Whan 8 \ears
DemonsWraWe Whe appropriaWe Xse of an AED for infanWs and children \oXnger Whan 8 \ears

1. Verif\ scene safeW\.
2. Check for responsiYeness. Tap Whe child·s shoXlder or Whe heel of Whe infanW·s fooW and shoXW, ´Are \oX OK?µ



AVVeVV fRU bUeaWhiQg aQd SXlVe (SWeS 3)

Ne[W, assess Whe infanW or child for normal breaWhing and a pXlse Wo help \oX deWermine Whe ne[W appropriaWe acWions.

To minimi]e dela\ in VWaUWing CPR, Wake no moUe Whan 10 VecondV Wo aVVeVV bUeaWhing aW Whe Vame Wime aV \oX check
Whe SXlVe.

BUeaWhiQg

Look for no breaWhing or onl\ gasping and check pXlse (simXlWaneoXsl\). To check for breaWhing, scan Whe chesW for
rise and fall for no more Whan 10 seconds (SWep 3).

Check PXlVe

InfanW: To perform a pXlse check in an infanW, palpaWe, or feel for, a brachial pXlse (FigXre 3A).

FLJXUH 3A. PXOVH FKHFN. A, IQ
aQ LQIaQW, IHHO IRU a EUaFKLaO
SXOVH.

Child: To perform a pXlse check in a child, palpaWe a caroWid or femoral pXlse (FigXres 3B and C).

FLJXUH 3B. IQ a FKLOG, IHHO IRU
a FaURWLG SXOVH.

FLJXUH 3C. OU, a IHPRUaO
SXOVH.

IW can be difÀcXlW Wo deWermine Whe presence or absence of a pXlse, parWicXlarl\ in an infanW or child. So, if \oX do noW
deÀniWel\ feel a pXlse ZiWhin 10 seconds, sWarW CPR, beginning ZiWh chesW compressions.

IQIaQW: LRcaWLQJ WKe BUacKLaO AUWeU\ PXOVe

To perform a pXlse check in an infanW, palpaWe a brachial pXlse. If \oX do noW deÀniWel\ feel a pXlse ZiWhin 10 seconds,
begin high-qXaliW\ CPR, sWarWing ZiWh chesW compressions.

3. If Whe infanW or child is noW responsiYe, shoXW for nearb\ help. AcWiYaWe Whe emergenc\ response s\sWem Yia mobile
deYice (if appropriaWe).

If Whe infanW or child or child has normal breaWhing and a pXlse is felW, moniWor XnWil emergenc\ responders arriYe
(SWep 3a).
If Whe infanW or child is noW breaWhing or is onl\ gasping and pXlse is felW, proYide rescXe breaWhing (SWep 3b).
If Where is no breaWhing or onl\ gasping and a pXlse is noW felW, Whe infanW or child has cardiac arresW (SWep 5).
Gasping is noW considered normal breaWhing and can be a sign of cardiac arresW.



FolloZ Whese sWeps Wo locaWe Whe brachial arWer\ pXlse:

CKLOd: LRcaWLQJ WKe FePRUaO AUWeU\ PXOVe

To perform a pXlse check in a child, palpaWe a caroWid or femoral pXlse. If \oX do noW deÀniWel\ feel a pXlse ZiWhin 10
seconds, begin high-qXaliW\ CPR, sWarWing ZiWh chesW compressions.

FolloZ Whese sWeps Wo locaWe Whe femoral arWer\ pXlse:

DeWeUPLQe Ne[W AcWLRQV

DeWermine \oXr ne[W acWions on Whe basis of Whe presence or absence of normal breaWhing and a pXlse:

CULWLcaO CRQceSWV: SLJQV RI PRRU PeUIXVLRQ

WaV WKe CROOaSVe SXddeQ?

If Whe collapse Zas sXdden and ZiWnessed, leaYe Whe infanW or child and acWiYaWe Whe emergenc\ response s\sWem
(Xnless \oX haYe alread\ done so b\ mobile deYice) and reWrieYe Whe AED. If oWhers arriYe, send Whem Wo acWiYaWe Whe
emergenc\ response s\sWem (if noW alread\ done) and reWrieYe Whe AED Zhile \oX remain ZiWh Whe child Wo sWarW CPR.

BeJLQ HLJK-QXaOLW\ CPR, SWaUWLQJ WLWK CKeVW CRPSUeVVLRQV

If Whe infanW or child is noW breaWhing normall\ or is onl\ gasping and no pXlse is felW, begin high-qXaliW\ CPR, sWarWing
ZiWh chesW compressions (refer Wo deWails in ParW 5: Recogni]ing and Managing Cardiac ArresW). QXickl\ moYe bXlk\
cloWhing coYering Whe child or infanW·s chesW oXW of Whe Za\ so WhaW \oX can locaWe appropriaWe hand or Ànger placemenW
for compressions. If cloWhes are difÀcXlW Wo remoYe, \oX can sWill proYide compressions oYer cloWhing. If an AED
becomes aYailable, remoYe all cloWhes WhaW coYer Whe chesW. AED pads mXsW noW be placed oYer an\ cloWhing.

Single rescXers shoXld Xse Whe folloZing compression WechniqXes (refer Wo InfanW/Child ChesW Compressions laWer in
Whis ParW for compleWe deWails):

1. Place 2 or 3 Àngers on Whe inside of Whe Xpper arm, midZa\ beWZeen Whe infanW·s elboZ and shoXlder.
2. Then press Whe Àngers Wo aWWempW Wo feel for Whe pXlse for aW leasW 5 bXW no more Whan 10 seconds (FigXre 3A).

1. Place 2 Àngers in Whe inner Whigh, midZa\ beWZeen Whe hipbone and Whe pXbic bone and jXsW beloZ Whe crease
Zhere Whe leg meeWs Whe Worso (FigXre 3C).

2. Feel for a pXlse for aW leaVW 5 bXW no moUe Whan 10 VecondV. If \oX do noW feel a pXlse, begin high-qXaliW\ CPR,
sWarWing ZiWh chesW compressions.

If Whe infanW or child has normal breaWhing and a pXlse is felW, moniWor Whe YicWim XnWil emergenc\ responders arriYe
(SWep 3a).
If Whe infanW or child does noW haYe normal breaWhing and a pXlse is felW, proYide rescXe breaWhing and giYe 1 breaWh
eYer\ 2 Wo 3 seconds, or aboXW 20 Wo 30 breaWhs/min (refer Wo RescXe BreaWhing in ParW 8) (SWep 3b).
Assess Whe pXlse for no more Whan 10 seconds (SWep 3b).

If Whe infanW or child is noW breaWhing or is onl\ gasping and a pXlse is noW felW (SWep 5),

² If hearW raWe is less Whan 60/min ZiWh signs of poor perfXsion (SWep 4) sWarW CPR (SWep 4a).
² If hearW raWe is 60/min or greaWer (SWep 4), conWinXe rescXe breaWhing and check Whe pXlse eYer\ 2 minXWes. If no

deÀniWe pXlse is felW, sWarW CPR (SWep 4b).

² If \oX are alone and ZiWness Whe sXdden collapse of an infanW or child, acWiYaWe Whe emergenc\ response
s\sWem (if noW alread\ done), and reWrieYe an AED/deÀbrillaWor (SWep 5a). For e[ample, phone 9-1-1 from \oXr
phone, mobili]e Whe code Weam, or noWif\ adYanced life sXpporW.

² If \oX are alone and did noW ZiWness Whe sXdden collapse of an infanW or child, conWinXe Wo Whe ne[W sWep: SWarW
high-qXaliW\ CPR for 2 minXWes (SWep 6).

TemperaWXre: Cool e[WremiWies
AlWered menWal sWaWe: ConWinXed decline in conscioXsness/responsiYeness
PXlses: Weak pXlses
Skin: Paleness, moWWling (paWch\ appearance), and laWer c\anosis (WXrning blXe)

InfanW: 2-Ànger chesW compressions or 2 WhXmb²encircling hands WechniqXe



AfWer aboXW 2 minXWes of CPR, if \oX are sWill alone and Zere Xnable Wo acWiYaWe Whe emergenc\ response s\sWem (haYe
no mobile phone), leaYe Whe infanW or child and acWiYaWe Whe emergenc\ response s\sWem and geW Whe AED (SWep 7).

AWWePSW DeÀbULOOaWLRQ WLWK WKe AED

Use Whe AED as soon as iW is aYailable and folloZ Whe prompWs (SWep 8).

ReVXPe HLJK-QXaOLW\ CPR

AfWer shock deliYer\ or if no shock is adYised, immediaWel\ resXme high-qXaliW\ CPR for 2 minXWes (XnWil prompWed b\
Whe AED Wo alloZ for a rh\Whm check). ConWinXe XnWil ALS proYiders Wake oYer or Whe child begins Wo breaWhe, moYe, or
oWherZise reacW (SWeps 9 and 10).

IQfaQW/Child CheVW CRmSUeVViRQV

CRPSUeVVLRQ RaWe aQd CRPSUeVVLRQ-WR-VeQWLOaWLRQ RaWLR

The XniYeUVal raWe for compressions in all cardiac arresW YicWims is 100 Wo 120/min. The compression-Wo-YenWilaWion
raWio for single rescXers is Whe same (30:2) in adXlWs, children, and infanWs.

If 2 rescXers are presenW for Whe resXsciWaWion aWWempW of an infanW or child, Xse a compression-Wo-YenWilaWion raWio of
15:2.

CKeVW CRPSUeVVLRQ TecKQLTXe

For mosW children, Xse eiWher 1 or 2 hands Wo compress Whe chesW. For mosW children, Whe compression WechniqXe Zill
be Whe same as for an adXlW: 2 hands (heel of one hand ZiWh heel of oWher hand on Wop of Whe ÀrsW hand). For a Yer\
small child, \oX ma\ be able Wo Xse 1-handed compressions Wo achieYe Whe desired compression depWh. Compress Whe
chesW aW leasW one Whird Whe anWeroposWerior (AP) diameWer of Whe chesW (appro[imaWel\ 2 inches, or 5 cm) ZiWh each
compression.

For infanWs, single rescXers shoXld Xse 2 Àngers or 2 WhXmbs placed jXsW beloZ Whe nipple line. If mXlWiple rescXers are
presenW, Whe 2 WhXmb²encircling hands WechniqXe is preferred becaXse iW prodXces beWWer blood sXppl\ Wo Whe hearW
mXscle, helps ensXre consisWenW depWh and force of chesW compressions, and ma\ generaWe higher blood pressXres.
These WechniqXes are described in Whe ne[W secWions.

IQIaQW (1 ReVcXeU): 2-FLQJeU TecKQLTXe

FolloZ Whese sWeps Wo Xse Whe 2-Ànger WechniqXe on an infanW:

Child: 1 or 2 hands (ZhaWeYer is needed Wo proYide compressions of adeqXaWe depWh)

1. Place Whe infanW on a Àrm, ÁaW sXrface.
2. Place 2 Àngers in Whe cenWer of Whe infanW·s chesW, jXsW beloZ Whe nipple line, on Whe loZer half of Whe sWernXm. Do

noW press Whe Wip of Whe sWernXm (FigXre 4).
3. GiYe compressions aW a raWe of 100 Wo 120/min.
4. Compress aW leasW one Whird Whe AP diameWer of Whe infanW·s chesW (appro[imaWel\ 1ô inches [4 cm]).
5. AW Whe end of each compression, make sXre \oX alloZ Whe chesW Wo fXll\ recoil (ree[pand); do noW lean on Whe chesW.

ChesW compression and chesW recoil/rela[aWion Wimes shoXld be aboXW eqXal. Minimi]e inWerrXpWions in
compressions (eg, Wo giYe breaWhs) Wo less Whan 10 seconds.

6. AfWer eYer\ 30 compressions, open Whe airZa\ ZiWh a head WilW²chin lifW and giYe 2 breaWhs, each oYer 1 second.
The chesW shoXld rise ZiWh each breaWh.

7. AfWer aboXW 5 c\cles or 2 minXWes of CPR, if \oX are alone and Whe emergenc\ response s\sWem has noW been
acWiYaWed, leaYe Whe infanW (or carr\ Whe infanW ZiWh \oX) and acWiYaWe Whe emergenc\ response s\sWem and reWrieYe
Whe AED.

8. ConWinXe compressions and breaWhs in a raWio of 30:2, and Xse Whe AED as soon as iW is aYailable. ConWinXe XnWil
adYanced proYiders Wake oYer or Whe infanW begins Wo breaWhe, moYe, or oWherZise reacW.



FLJXUH 4. TZR-ÀQJHU FKHVW
FRPSUHVVLRQ WHFKQLTXH IRU
aQ LQIaQW.

IQIaQW: 2 TKXPb²EQcLUcOLQJ HaQdV TecKQLTXe

The 2 WhXmb²encircling hands WechniqXe is Whe preferred 2-rescXer chesW compression WechniqXe becaXse iW improYes
blood ÁoZ. FolloZ Whese sWeps Wo Xse Whe 2 WhXmb²encircling hands WechniqXe on an infanW:

FLJXUH 5. TZR WKXPE²
HQFLUFOLQJ KaQGV WHFKQLTXH
IRU aQ LQIaQW (2 UHVFXHUV).

CULWLcaO CRQceSWV: CRPSUeVVLRQ DeSWK LQ AdXOWV YV CKLOdUeQ aQd IQIaQWV

IQfaQW/Child BUeaWhV

OSeQLQJ WKe ALUZa\

Open Whe airZa\ Wo make rescXe breaWhs effecWiYe. TZo meWhods for opening Whe airZa\ are Whe head WilW²chin lifW and
jaZ-WhrXsW maneXYers. As ZiWh adXlWs, if \oX sXspecW a head or neck injXr\, Xse Whe jaZ-WhrXsW maneXYer. If Whe jaZ
WhrXsW does noW open Whe airZa\, Xse Whe head WilW²chin lifW. If \oX WilW (e[Wend) an infanW·s head be\ond Whe neXWral
(snifÀng) posiWion, Whe infanW·s airZa\ ma\ become blocked. Ma[imi]e airZa\ paWenc\ b\ posiWioning Whe infanW ZiWh Whe
neck in a neXWral posiWion so WhaW Whe e[Wernal ear canal is leYel ZiWh Whe Wop of Whe infanW·s shoXlder.

WK\ BUeaWKV AUe IPSRUWaQW IRU IQIaQWV aQd CKLOdUeQ LQ CaUdLac AUUeVW

When VXdden cardiac arresW occXrs, Whe o[\gen conWenW of Whe blood can W\picall\ meeW o[\gen demands of Whe bod\
for Whe ÀrsW feZ minXWes afWer arresW. So deliYering chesW compressions can effecWiYel\ disWribXWe o[\gen Wo Whe hearW
and brain.

In conWrasW, infanWs and children Zho deYelop cardiac arresW ofWen haYe respiraWor\ failXre or shock WhaW redXces Whe
o[\gen conWenW in Whe blood eYen before Whe onseW of arresW. As a resXlW, for mosW infanWs and children in cardiac

1. Place Whe infanW on a Àrm, ÁaW sXrface.
2. Place boWh WhXmbs side b\ side in Whe cenWer of Whe infanW·s chesW, on Whe loZer half of Whe sWernXm. The WhXmbs

ma\ oYerlap in Yer\ small infanWs. Encircle Whe infanW·s chesW and sXpporW Whe infanW·s back ZiWh Whe Àngers of boWh
hands.

3. WiWh \oXr hands encircling Whe chesW, Xse boWh WhXmbs Wo depress Whe sWernXm (FigXre 5) aW a raWe of 100 Wo
120/min.

4. Compress aW leasW one Whird Whe AP diameWer of Whe infanW·s chesW (appro[imaWel\ 1ô inches [4 cm]).
5. AfWer each compression, compleWel\ release Whe pressXre on Whe sWernXm and alloZ Whe chesW Wo recoil compleWel\.
6. AfWer eYer\ 15 compressions, paXse brieÁ\ for Whe second rescXer Wo open Whe airZa\ ZiWh a head WilW²chin lifW and

giYe 2 breaWhs, each oYer 1 second. The chesW shoXld rise ZiWh each breaWh. Minimi]e inWerrXpWions in
compressions (eg, Wo giYe breaWhs) Wo less Whan 10 seconds.

7. ConWinXe compressions and breaWhs in a raWio of 15:2 (for 2 rescXers). For chesW compressions Wo remain effecWiYe,
Whe rescXer proYiding chesW compressions shoXld sZiWch roles ZiWh anoWher proYider aW leasW eYer\ 5 c\cles or 2
minXWes Wo aYoid faWigXe. ConWinXe CPR XnWil Whe AED arriYes, adYanced proYiders Wake oYer, or Whe infanW begins
Wo breaWhe, moYe, or oWherZise respond.

AdXlWs and adolescenWs: AW leasW 2 inches (5 cm)
Children: AW leasW one Whird Whe AP diameWer of Whe chesW or appro[imaWel\ 2 inches (5 cm)
InfanWs: AW leasW one Whird Whe AP diameWer of Whe chesW or appro[imaWel\ 1ô inches (4 cm)



arresW, chesW compressions alone do noW deliYer o[\genaWed blood Wo Whe hearW and brain as effecWiYel\ as
compressions and breaWhs do. FoU WhiV UeaVon, iW iV YeU\ imSoUWanW Wo giYe boWh comSUeVVionV and bUeaWhV Wo infanWV
and childUen dXUing high-TXaliW\ CPR.

VeQWLOaWLRQ IRU aQ IQIaQW RU CKLOd WLWK a BaUULeU DeYLce

Use a barrier deYice (eg, pockeW mask) or a bag-mask deYice Wo deliYer breaWhs Wo an infanW or child.

When proYiding bag-mask YenWilaWion for an infanW or child, do Whe folloZing:

PediaWUic BLS AlgRUiWhm fRU HealWhcaUe PURYideUV³2 RU MRUe ReVcXeUV

Refer Wo Whe PediaWric BLS AlgoriWhm for HealWhcare ProYiders³2 or More RescXers as \oX read Whe folloZing sWeps
(FigXre 6).

FLJXUH 6. PHGLaWULF BLS
AOJRULWKP IRU HHaOWKFaUH
PURYLGHUV³2 RU MRUH
RHVFXHUV.

IQfaQW aQd Child 2-ReVcXeU BLS SeTXeQce

If Whe rescXer encoXnWers an XnresponsiYe infanW or child and oWher rescXers are aYailable, folloZ Whe sWeps oXWlined in
Whe PediaWric BLS AlgoriWhm for HealWhcare ProYiders³2 or More RescXers (FigXre 6).

VeUif\ VceQe VafeW\, check fRU UeVSRQViYeQeVV, aQd geW helS (SWeSV 1 aQd 2)

In Whese seqXences, \oX are Whe rescXer. If \oX arriYe ÀrsW aW Whe side of an XnresponsiYe infanW or child, qXickl\
perform Whe folloZing sWeps. As more rescXers arriYe, assign roles and responsibiliWies. When more rescXers are
aYailable for a resXsciWaWion aWWempW, Whe\ can perform more Wasks simXlWaneoXsl\.

FLJXUH 7A. II WKH aUUHVW RI aQ
LQIaQW RU FKLOG ZaV VXGGHQ

SelecW a bag and mask WhaW coYers Whe moXWh and nose compleWel\ ZiWhoXW coYering Whe e\es or oYerlapping Whe
chin.
Perform a head WilW²chin lifW Wo open Whe airZa\. Press Whe mask Wo Whe face as \oX lifW Whe jaZ, making a seal
beWZeen Whe child·s face and Whe mask.
ConnecW sXpplemenWal o[\gen Zhen aYailable.

1. Verif\ WhaW Whe scene is safe.
2. Check for responsiYeness. Tap Whe child·s shoXlder or Whe heel of Whe infanW·s fooW and shoXW, ´Are \oX OK?µ
3. If Whe infanW or child is noW responsiYe, shoXW for nearb\ help. The ÀrsW rescXer remains ZiWh Whe infanW or child Zhile

Whe second rescXer acWiYaWes Whe emergenc\ response s\sWem (FigXre 7) and reWrieYes Whe AED and emergenc\
eqXipmenW.



aQG ZLWQHVVHG, aFWLYaWH WKH
HPHUJHQF\ UHVSRQVH V\VWHP
LQ \RXU VHWWLQJ. A, IQ-IaFLOLW\
VHWWLQJ.

FLJXUH 7B. PUHKRVSLWaO
VHWWLQJ.

AVVeVV fRU bUeaWhiQg aQd SXlVe (SWeS 3)

For deWails on assessing Whe infanW or child for normal breaWhing and a pXlse, refer Wo Whe InfanW and Child 1-RescXer
BLS SeqXence secWion earlier in Whis ParW.

DeWeUPLQe Ne[W AcWLRQV

For deWails on deWermining ne[W acWions on Whe basis of Whe presence or absence of breaWhing and pXlse, refer Wo Whe
InfanW and Child 1-RescXer BLS SeqXence earlier in Whis ParW (SWeps 3a and 3b, 4, 4a, and 4b). If CPR is indicaWed
Zhen Whe second rescXer can assisW, Xse a compression-Wo-YenWilaWion raWio of 15:2.

BeJLQ HLJK-QXaOLW\ CPR, SWaUWLQJ WLWK CKeVW CRPSUeVVLRQV

If Whe child or infanW is noW breaWhing normall\ or is onl\ gasping and has no pXlse, immediaWel\ do Whe folloZing (SWep
5):

SWarW high-qXaliW\ CPR, sWarWing ZiWh chesW compressions (refer Wo InfanW/Child ChesW Compressions earlier in Whis ParW
for compleWe deWails). QXickl\ moYe bXlk\ cloWhing coYering Whe chesW oXW of Whe Za\ so WhaW \oX can locaWe appropriaWe
hand or Ànger placemenW for compressions. If Whe cloWhes are difÀcXlW Wo remoYe, \oX can sWill proYide compressions
oYer cloWhing. If an AED becomes aYailable, remoYe all cloWhes WhaW coYer Whe chesW. AED pads mXsW noW be placed
oYer an\ cloWhing.

AWWemSW deÀbUillaWiRQ ZiWh Whe AED (SWeS 6)

Use Whe AED as soon as iW is aYailable and folloZ Whe prompWs.

ReVXme high-TXaliW\ CPR (SWeSV 7 aQd 8)

AfWer shock deliYer\ or if no shock is adYised, immediaWel\ resXme high-qXaliW\ CPR, sWarWing ZiWh chesW
compressions, Zhen adYised b\ Whe AED. ConWinXe proYiding CPR and folloZing Whe AED prompWs XnWil adYanced life
sXpporW proYiders Wake oYer or Whe infanW or child sWarWs Wo moYe.

AED IRU IQIaQWV aQG CKLOGUHQ YRXQJHU TKaQ 8 YHaUV

Be FamiliaU WiWh Whe AED ETXiSmeQW iQ YRXU SeWWiQg

AlWhoXgh all AEDs operaWe in basicall\ Whe same Za\, AED eqXipmenW Yaries according Wo model and manXfacWXrer.
For insWance, some AED models called SediaWUic-caSable AEDS, are designed for boWh pediaWric and adXlW Xse. These
AEDs deliYer a redXced shock dose Zhen pediaWric pads are Xsed. Be familiar ZiWh Whe AED in \oXr parWicXlar seWWing.

DeliYeUiQg a PediaWUic ShRck DRVe

For an infanW, single rescXers can Xse eiWher Whe 2-Ànger WechniqXe for chesW compressions or Whe 2 WhXmb²
encircling hands WechniqXe XnWil Whe second rescXer reWXrns. When Whe second rescXer arriYes, Xse Whe 2 WhXmb²
encircling hands WechniqXe.
For a child, Xse 1 or 2 hands (1 hand for a Yer\ small child) Wo perform compressions.
When Whe second rescXer reWXrns, WhaW rescXer giYes breaWhs.
SZiWch compressors aboXW eYer\ 5 c\cles or 2 minXWes (or earlier if needed) Wo aYoid redXcing CPR qXaliW\
becaXse of faWigXe.



YoX ma\ redXce Whe AED shock dose b\ Xsing pediaWric cables, an aWWenXaWor, or preprogramming in Whe deYice. One
commonl\ Xsed meWhod for redXcing a shock dose is a pediaWric dose aWWenXaWor (FigXre 8). When aWWached Wo an
AED, iW redXces Whe shock dose b\ aboXW WZo Whirds. T\picall\, \oX can Xse child pads Wo deliYer Whe redXced shock
dose.

FLJXUH 8. E[aPSOH RI a
SHGLaWULF GRVH aWWHQXaWRU,
ZKLFK UHGXFHV WKH VKRFN
GRVH GHOLYHUHG E\ aQ AED.
CKLOG SaGV aUH aOVR XVHG
ZLWK WKLV aWWHQXaWRU.

ChRRViQg aQd PlaciQg Whe AED PadV

Use child pads (FigXre 9), if aYailable, for infanWs and for children \oXnger Whan 8 \ears. If child pads are noW aYailable,
Xse adXlW pads. AdXlW pads deliYer a higher shock dose, bXW WhaW is preferred Wo no shock aW all. HoZeYer, make sXre
Whe pads do noW WoXch each oWher or oYerlap. Also, if Whe AED has a ke\ or sZiWch WhaW Zill deliYer a child shock dose,
WXrn Whe ke\ or sZiWch. For YicWims 8 \ears and older, Xse adXlW pads (FigXre 10)³child pads Zill likel\ giYe a shock
dose WhaW is Woo loZ.

FLJXUH 9. CKLOG AED SaGV.

FLJXUH 10. AGXOW AED SaGV.

FolloZ Whe AED manXfacWXrer·s insWrXcWions for pad placemenW and Whe illXsWraWions on Whe AED pads. Some AEDs
reqXire WhaW child pads be placed in a fronW and back (anWeroposWerior) posiWion (FigXre 11), Zhile oWhers reqXire righW-
lefW (anWerolaWeral) placemenW. AnWeroposWerior pad placemenW is commonl\ Xsed for infanWs.

FLJXUH 11. AQWHURSRVWHULRU
AED SaG SOaFHPHQW RQ a
FKLOG YLFWLP.

UViQg aQ AED fRU IQfaQWV



For infanWs, a manXal deÀbrillaWor is preferred Wo an AED for deÀbrillaWion becaXse iW has more capabiliWies Whan an
AED and can proYide loZer energ\ doses needed in infanWs. OperaWing a manXal deÀbrillaWor reqXires adYanced
Wraining WhaW Zill noW be coYered in Whis coXrse.

If a manXal deÀbrillaWor is noW aYailable, an AED eqXipped ZiWh a pediaWric dose aWWenXaWor is preferred.
If neiWher is aYailable, \oX ma\ Xse an AED ZiWhoXW a pediaWric dose aWWenXaWor.



PaUW 3: High-PeUfRUmance TeamV

High-performance teams are essential to successful resuscitation attempts. High-performance teams carr\ out their
roles in highl\ effective manners, resulting in superior performance and timing, Zhich can translate to improved
survival for patients in cardiac arrest. What distinguishes high-performance teams from others is that each team
member is committed to ensuring the highest-qualit\ performance of the team rather than simpl\ folloZing orders. To
function effectivel\, a high-performance team needs to focus on

*HLJK-SHUIRUPLQJ V\VWHPV WaUJHW aW OHaVW 60%, ZLWK 80% RU KLJKHU EHLQJ a IUHTXHQW JRaO.

High-performance teams (Figure 12) Zill need to incorporate timing, qualit\, coordination, and administration of the
appropriate procedures during a cardiac arrest. The team Zill need to consider their overall purpose and goals, skills
each team member possesses, appropriate motivation and efÀcac\, as Zell as appropriate conÁict resolution and
communication needs of the team. In addition, high-performance teams measure their performance, evaluate the
data, and look for Za\s to improve performance and implement the revised strateg\.

FigXUe 12. Ke\ aUeaV Rf
fRcXV fRU high-SeUfRUmaQce
WeamV WR iQcUeaVe VXUYiYal
UaWeV.

Critical Concepts: Ways to Increase CCF
Whether \ou are a team member or the Team Leader during a resuscitation attempt, \ou should understand hoZ a
high-performance team can ma[imi]e CCF Zhen performing CPR during a during a cardiac arrest. The team can
achieve ke\ metrics and increase CCF b\ doing the folloZing:

Timing (immediate CPR and deÀbrillation, limiting pauses to achieve a chest compression fraction (CCF) of
ideall\ greater than 80%* preshock pause, EMS response time)
QXaliW\ (best possible performance of each team member, eg, rate, depth, recoil)
CooUdinaWion (team d\namics: team members Zorking together seamlessl\ toZard a common goal, proÀcient in
their roles)
AdminiVWUaWion (leadership, planning ahead, obtaining additional resources, tailoring the interventions, CQI,
measurement, assigned number of members Zorking an arrest)

PUechaUge Whe deÀbUillaWoU 15 seconds before a 2-minute rh\thm anal\sis (deliver shock immediatel\ if VF or
pVT on the monitor). This makes it possible to conduct a rh\thm anal\sis and give a shock (if needed) Zithin 10
seconds or less.
Perform a pulse check during the precharge phase in anticipation of an organi]ed rh\thm during anal\sis (a pulse
check during compressions is not a reliable indicator of CPR qualit\).
Compressor hoYeUV oYeU Whe cheVW (not touching it), read\ to start chest compressions immediatel\ after a
shock, a rh\thm anal\sis, or other necessar\ pauses in compressions.
HaYe Whe ne[W compUeVVoU Uead\ Wo Wake oYeU immediaWel\.
Intubate Zithout pausing compressions.
Deliver medications during compressions.
Consider CPR protocols that deliver feZer pauses (eg, continuous compressions Zith as\nchronous ventilation
using a bag-mask device).



High-PeUfRUPaQce TeaP RRleV aQd D\QaPicV

Successful resuscitation attempts often require healthcare providers to simultaneousl\ perform a variet\ of
interventions. Although a CPR-trained b\stander Zorking alone can resuscitate a patient Zithin the Àrst moments after
collapse, most attempts require multiple healthcare providers. Effective teamZork divides the tasks Zhile multipl\ing
the chances of a successful outcome.

Successful high-performance teams not onl\ have medical e[pertise and master\ of resuscitation skills but also
demonstrate effective communication and team d\namics. This section discusses the importance of team roles,
behaviors of effective Team Leaders and team members, and elements of effective high-performance team d\namics.

Critical Concepts: Understanding Team Roles
Whether \ou are a team member or a Team Leader during a resuscitation attempt, \ou should understand \our role
and the roles of other members. This aZareness Zill help \ou anticipate

RRleV iQ a High-PeUfRUPaQce TeaP

Team Leader Role

Ever\ high-performance team needs a leader to organi]e the efforts of the group. The Team Leader

The Team Leader is responsible for making sure ever\thing is done at the right time in the right Za\ b\ monitoring
and integrating individual performance of team members. The Team Leader should also help train future Team
Leaders and improve team effectiveness. After resuscitation, the Team Leader can help anal\]e, critique, and
practice for the ne[t resuscitation attempt.

The Team Leader also helps team members understand Zh\ the\ must perform certain tasks in a speciÀc Za\. The
Team Leader should be able to e[plain Zh\ it is essential to

Whereas members of a high-performance team should focus on their individual tasks, the Team Leader must focus on
comprehensive patient care.

Team Member Roles

For a successful resuscitation attempt, high-performance team members must be

What actions Zill be performed ne[t
HoZ to communicate and Zork as a member or as a leader of a high-performance team

Organi]es the group
Monitors individual performance of team members
Backs up team members
Models e[cellent team behavior
Trains and coaches
Facilitates understanding
Focuses on comprehensive patient care
Temporaril\ designates another team member to take over as Team Leader if an advanced procedure is required
(eg, advanced airZa\ placement)

Push hard and fast in the center of the chest
Ensure complete chest recoil
Minimi]e interruptions in chest compressions
Avoid e[cessive ventilation

ProÀcient in performing the skills in their scope of practice
Clear about role assignments
Prepared to fulÀll their role responsibilities
Well-practiced in resuscitation skills
KnoZledgeable about the algorithms



Team MembeU Role: CPR Coach

Man\ resuscitation teams noZ include the role of CPR Coach. The CPR Coach supports performance of high-qualit\
BLS skills, alloZing the Team Leader to focus on other aspects of clinical care. Studies have shoZn that resuscitation
teams Zith a CPR Coach perform higher-qualit\ CPR Zith higher CCF and shorter pause durations compared Zith
teams that do not use a CPR Coach.

The CPR Coach does not need to be a separate role; the\ can be most effectivel\ blended into the current
responsibilities of the Monitor/DeÀbrillator. The CPR Coach·s main responsibilities are to help team members provide
high-qualit\ CPR and minimi]e pauses in compressions. The CPR Coach needs a direct line of sight to the
Compressor, so the\ should stand ne[t to the DeÀbrillator. BeloZ is a description of the CPR Coach·s actions:

CooUdinaWe Whe VWaUW of CPR: As soon as a patient is identiÀed as having no pulse, the CPR Coach sa\s, ´I am the
CPR Coach,µ and tells rescuers to begin chest compressions. The CPR Coach can adjust the environment to help
ensure high-qualit\ CPR. The\ can loZer the bedrails or the bed, get a step stool, or roll the victim to place a
backboard and deÀbrillator pads to better facilitate high-qualit\ CPR.

Coach Wo impUoYe Whe TXaliW\ of cheVW compUeVVionV: The CPR Coach gives feedback about performance of
compression depth, rate, and chest recoil. The\ state the CPR feedback device·s data to help the Compressor
improve performance. This is useful because visual assessment of CPR qualit\ is often inaccurate.

SWaWe Whe midUange WaUgeWV: The CPR Coach states the speciÀc midrange targets so that compressions and
ventilation are Zithin the recommended range. For e[ample, the\ should tell the Compressor to compress at a rate of
110/min instead of a rate betZeen 100 and 120/min.

Coach Wo Whe midUange WaUgeWV: The CPR Coach gives team members feedback about their ventilation rate and
volume. If needed, the\ also remind the team about compression-to-ventilation ratio.

Help minimi]e Whe lengWh of paXVeV in compUeVVionV: The CPR Coach communicates Zith the team to help
minimi]e the length of pauses in compressions. Pauses happen Zhen the team deÀbrillates, sZitches Compressors,
and places an advanced airZa\.

Critical Concepts: CPR Coach Role
The CPR Coach role is designed to help a high-performance team achieve the ke\ metrics of high-qualit\ CPR b\
providing feedback about

Working closel\ Zith the Team Leader, the CPR Coach should facilitate all compression pauses, including intubation.
The CPR Coach should be integrated into the e[isting role of Monitor/DeÀbrillator on a high-performance team.

ElePeQWV Rf EffecWiYe TeaP D\QaPicV aV PaUW Rf a High-PeUfRUPaQce TeaP

Roles

CleaU RoleV and ReVponVibiliWieV

Ever\ member of the team should knoZ his or her role and responsibilities because each team member·s role is
important to the performance of the team. Figure 13 identiÀes 6 team roles for resuscitation. When feZer than 6
people are present, Team Leaders must prioriti]e these tasks and assign them to the healthcare providers present.

Committed to success

The Compressor·s rate, depth, and recoil
Deliver\ of ventilations (rate and volume)
Compression pauses



FigXUe 13. SXggeVWed
lRcaWiRQV fRU Whe Team
LeadeU aQd Weam membeUV
dXUiQg caVe VimXlaWiRQV aQd
cliQical eYeQWV.

When roles are unclear, team performance suffers. Signs of unclear roles include

For efÀcienc\, the Team Leader must clearl\ delegate tasks. Team members should communicate Zhen the\ can
handle additional responsibilities. The Team Leader should encourage team members to participate activel\ and not
simpl\ folloZ directions. Table 1 lists some additional information about roles.

Table 1. CleaU RRleV aQd ReVSRQVibiliWieV

Team membeU TaVk

Team LeadeU

Team membeUV

KnoZing YoXU LimiWaWionV

Ever\one on the team should knoZ his or her oZn limitations and capabilities, including the Team Leader. This alloZs
the Team Leader to evaluate resources and call for backup Zhen necessar\. High-performance team members
should anticipate situations in Zhich the\ need help and inform the Team Leader.

During the stress of an attempted resuscitation, do not practice or e[plore a neZ skill, especiall\ Zithout seeking
advice from more e[perienced personnel. If \ou need e[tra help, request it earl\ rather than Zaiting until the patient
deteriorates further. Asking for help is not a sign of Zeakness or incompetence; it is better to have more help than
needed rather than not enough help, Zhich might negativel\ affect patient outcome. Table 2 lists some additional
information about knoZing \our limitations.

Table 2. KQRZiQg YRXU LimiWaWiRQV

Team membeU TaVk

Team LeadeU aQd Weam membeUV

Team membeUV

ConVWUXcWiYe InWeUYenWionV

During a resuscitation attempt, an\one on a high-performance team ma\ need to intervene tactfull\ if a team member
is about to take an inappropriate action. Team Leaders should avoid confrontation Zith team members and instead
debrief afterZard if needed. Table 3 lists some additional information about constructive interventions.

Table 3. CRQVWUXcWiYe IQWeUYeQWiRQV

Team membeU TaVk

Team LeadeU

Team membeUV

Performing the same task more than once
Missing essential tasks
Assigning team members multiple roles Zhen additional providers are available

COHaUO\ GHÀQH aOO WHaP PHPEHU UROHV LQ WKH FOLQLFaO VHWWLQJ
DLVWULEXWH WaVNV HYHQO\ WR aOO aYaLOaEOH WHaP PHPEHUV ZKR aUH VXUH RI WKHLU
UHVSRQVLELOLWLHV

SHHN RXW aQG SHUIRUP FOHaUO\ GHÀQHG WaVNV aSSURSULaWH WR WKHLU aELOLWLHV
AVN IRU a QHZ WaVN RU UROH LI aQ aVVLJQPHQW LV EH\RQG WKHLU OHYHO RI H[SHUWLVH
AFFHSW RQO\ aVVLJQPHQWV WKaW aUH ZLWKLQ WKHLU OHYHO RI H[SHUWLVH

CaOO IRU aVVLVWaQFH HaUO\ UaWKHU WKaQ ZaLWLQJ XQWLO WKH SaWLHQW GHWHULRUaWHV
SHHN aGYLFH IURP PRUH H[SHULHQFHG SHUVRQQHO ZKHQ WKH SaWLHQW·V FRQGLWLRQ
ZRUVHQV GHVSLWH SULPaU\ WUHaWPHQW
AOORZ RWKHUV WR FaUU\ RXW aVVLJQHG WaVNV, HVSHFLaOO\ LI WKH WaVN LV HVVHQWLaO WR
WUHaWPHQW

SHHN aGYLFH IURP PRUH H[SHULHQFHG SHUVRQQHO EHIRUH VWaUWLQJ aQ XQIaPLOLaU
WUHaWPHQW RU WKHUaS\
AFFHSW aVVLVWaQFH IURP RWKHUV ZKHQ LW LV UHaGLO\ aYaLOaEOH

AVN WKaW a GLIIHUHQW LQWHUYHQWLRQ EH VWaUWHG LI LW KaV a KLJKHU SULRULW\
RHaVVLJQ a WHaP PHPEHU ZKR LV WU\LQJ WR IXQFWLRQ EH\RQG KLV RU KHU OHYHO RI VNLOO

SXJJHVW aQ aOWHUQaWLYH GUXJ RU GRVH FRQÀGHQWO\
QXHVWLRQ a FROOHaJXH ZKR LV aERXW WR PaNH a PLVWaNH



What to Communicate

KnoZledge ShaUing

Sharing information is critical to effective team performance. Team Leaders ma\ become À[ated on a speciÀc
treatment or diagnostic approach. E[amples of these t\pes of À[aWiRQ eUURUV are

When resuscitative efforts are ineffective, go back to the basics and talk as a team. Have conversations like, ´Well,
Ze·ve observed the folloZing on the Primar\ Assessment« Have Ze missed something?µ High-performance team
members should provide all available information about changes in the patient·s condition to ensure that the Team
Leader makes appropriate decisions. Table 4 lists some additional information about knoZledge sharing.

Table 4. KQRZledge ShaUiQg

Team membeU TaVk

Team LeadeU

Team membeUV

SXmmaUi]ing and ReeYalXaWing

An essential role of the Team Leader is monitoring and reevaluating interventions, assessment Àndings, and the
patient·s status.

Team Leaders should periodicall\ state this information to the team and announce the plan for the ne[t feZ steps.
Remember that the patient·s condition can change. Be Áe[ible to changing treatment plans, and ask for information
and summaries from the timer/recorder as Zell. Table 5 lists some additional information about summari]ing and
reevaluating.

Table 5. SXmmaUi]iQg aQd ReeYalXaWiQg

Team membeU TaVk

Team LeadeU

Team LeadeU aQd Weam membeUV

How to Communicate

CloVed-Loop CommXnicaWionV

When communicating Zith high-performance team members, the Team Leader should use these closed-loop
communication steps:

Table 6 lists some additional information about closed-loop communications.

Table 6. ClRVed-LRRS CRmmXQicaWiRQV

IQWHUYHQH LI a WHaP PHPEHU LV aERXW WR aGPLQLVWHU a GUXJ LQFRUUHFWO\

´Ever\thing is OK.µ
´This and onl\ this is the correct path.µ
´Do an\thing but this.µ

EQFRXUaJH LQIRUPaWLRQ VKaULQJ
AVN IRU VXJJHVWLRQV aERXW LQWHUYHQWLRQV, GLIIHUHQWLaO GLaJQRVHV, aQG SRVVLEOH
RYHUORRNHG WUHaWPHQWV (HJ, LQWUaYHQRXV aFFHVV RU GUXJ WUHaWPHQWV)
LRRN IRU FOLQLFaO VLJQV WKaW aUH UHOHYaQW WR WKH WUHaWPHQW

SKaUH LQIRUPaWLRQ ZLWK HaFK RWKHU
AFFHSW LQIRUPaWLRQ WKaW ZLOO LPSURYH WKHLU UROHV

CRQWLQXRXVO\ UHYLVLW GHFLVLRQV aERXW GLIIHUHQWLaO GLaJQRVHV
MaLQWaLQ aQ RQJRLQJ UHFRUG RI WUHaWPHQWV aQG WKH SaWLHQW·V UHVSRQVH
CKaQJH a WUHaWPHQW VWUaWHJ\ ZKHQ QHZ LQIRUPaWLRQ VXSSRUWV LW
IQIRUP aUULYLQJ SHUVRQQHO RI WKH FXUUHQW VWaWXV aQG SOaQV IRU IXUWKHU aFWLRQ

NRWH VLJQLÀFaQW FKaQJHV LQ WKH SaWLHQW·V FOLQLFaO FRQGLWLRQ
IQFUHaVH PRQLWRULQJ LI SaWLHQW·V FRQGLWLRQ GHWHULRUaWHV (HJ, IUHTXHQF\ RI UHVSLUaWLRQV
aQG EORRG SUHVVXUH)

1. Give a message, order, or assignment to a team member.
2. Request a clear response and e\e contact from the team member to ensure that he or she understood the

message.
3. ConÀrm that the team member completed the task before \ou assign him or her another task.



Team membeU TaVk

Team membeUV

Team LeadeU

CleaU MeVVageV

CleaU meVVageV means concise communication spoken Zith distinctive speech in a controlled voice. All healthcare
providers should deliver clear messages calml\ and directl\, Zithout \elling or shouting. Distinct, concise messages
are crucial for clear communication because unclear communication can dela\ treatment or cause medication errors.
Yelling or shouting can also impair effective high-performance team interaction. Table 7 lists some additional
information about clear messages.

Table 7. CleaU MeVVageV

Team membeU TaVk

Team LeadeU

Team LeadeU aQd Weam membeUV

MXWXal ReVpecW

The best high-performance team members mutuall\ respect each other and Zork together in a collegial, supportive
manner. Ever\one in a high-performance team must abandon ego and shoZ respect during the resuscitation attempt,
regardless of an\ additional training or e[perience that speciÀc team members ma\ have. Table 8 lists some
additional information about mutual respect.

Table 8. MXWXal ReVSecW

Team membeU TaVk

Team LeadeU

Team LeadeU aQd Weam membeUV

AIWHU UHFHLYLQJ a WaVN, FORVH WKH ORRS E\ LQIRUPLQJ WKH THaP LHaGHU ZKHQ WKH WaVN
EHJLQV RU HQGV, VXFK aV, ´TKH IV LV LQµ
OQO\ JLYH GUXJV aIWHU YHUEaOO\ FRQÀUPLQJ WKH RUGHU ZLWK WKH THaP LHaGHU

AOZa\V aVVLJQ WaVNV E\ XVLQJ FORVHG-ORRS FRPPXQLFaWLRQ VXFK aV, ´GLYH 1
PLOOLJUaP RI HSLQHSKULQH aQG OHW PH NQRZ ZKHQ LW KaV EHHQ JLYHQµ
AVVLJQ aGGLWLRQaO WaVNV WR a WHaP PHPEHU only aIWHU UHFHLYLQJ FRQÀUPaWLRQ RI a
FRPSOHWHG aVVLJQPHQW

EQFRXUaJH aOO WHaP PHPEHUV WR VSHaN FOHaUO\ aQG XVH FRPSOHWH VHQWHQFHV

RHSHaW RUGHUV, aQG TXHVWLRQ WKHP LI WKH VOLJKWHVW GRXEW H[LVWV
BH FaUHIXO QRW WR PXPEOH, \HOO, VFUHaP, RU VKRXW
EQVXUH WKaW RQO\ 1 SHUVRQ WaONV aW a WLPH

AFNQRZOHGJH FRUUHFWO\ FRPSOHWHG aVVLJQPHQWV E\ Va\LQJ, ´TKaQNV³JRRG MRE!µ

SKRZ LQWHUHVW aQG OLVWHQ WR ZKaW RWKHUV Va\
SSHaN LQ a IULHQGO\, FRQWUROOHG WRQH RI YRLFH
AYRLG GLVSOa\LQJ aJJUHVVLRQ LI WHaPPaWHV GR QRW LQLWLaOO\ XQGHUVWaQG HaFK RWKHU
UQGHUVWaQG WKaW ZKHQ RQH SHUVRQ UaLVHV KLV YRLFH, RWKHUV ZLOO UHVSRQG VLPLOaUO\
TU\ QRW WR FRQIXVH GLUHFWLYH EHKaYLRU ZLWK aJJUHVVLRQ



PaUW 4: S\VWePaWic ASSURach WR Whe SeUiRXVl\ Ill RU IQjXUed Child

YoX shoXld Xse a s\stematic approach Zhen caring for a serioXsl\ ill or injXred child so that \oX can qXickl\ recogni]e
signs of respirator\ distress, respirator\ failXre, and shock and immediatel\ proYide lifesaYing interYentions.

Learning Objective

After completing this Part, \oX shoXld be able to differentiate betZeen patients Zho do and do not reqXire immediate
interYention.

YoX shoXld knoZ all of the concepts presented in this Part to be able to identif\ the child·s clinical condition and target
appropriate management in case simXlations. The ongoing process of eYalXate-identif\-interYene is a core
component of s\stematic eYalXation and care of a serioXsl\ ill or injXred child.

Initial Assessment to Identify a Life-Threatening Condition

The PALS S\stematic Approach Algorithm (FigXre 14) oXtlines the approach to caring for a criticall\ ill or injXred child.
Use the Pediatric Assessment Triangle (PAT) to make \oXr initial assessment dXring \oXr Àrst qXick ´from the
doorZa\µ obserYation of the child·s appearance, breathing, and color, Zithin the ÀUVW IeZ VecRQdV after encoXntering
the child. YoX can Xse the PAT immediatel\ on entering the scene to help identif\ the general t\pe of ph\siologic
problem (ie, respirator\, circXlator\, or neXrologic) and Xrgenc\ for treatment and transport.

Figure 14. PALS Systematic
Approach Algorithm.

IdeQWif\ a Life-ThUeaWeQiQg CRQdiWiRQ aQd AcW

The initial assessment helps \oX to qXickl\ identif\ a life-threatening condition. If at an\ time \oX identif\ a life-
threatening problem, immediatel\ begin appropriate interYentions and actiYate the emergenc\ response s\stem as
indicated in \oXr practice setting. If the child·s condition is not life threatening, continXe Zith the s\stematic approach.

ChiOd WhR IV UQUeVSRQViYe aQd NRW BUeaWhiQg RU IV OQO\ GaVSiQg

If the child is XnresponsiYe, shoXt for help. In the te[t that folloZs, nXmbers refer to the corresponding steps in the
PALS S\stematic Approach Algorithm.



AFWLYaWH HPHUJHQF\ UHVSRQVH V\VWHP (SWHS 3)

If the child is XnresponsiYe Zith no normal breathing or onl\ gasping and no pXlse is felt, actiYate the emergenc\
response s\stem as appropriate for \oXr practice setting (Step 3), and immediatel\ start CPR, beginning Zith chest
compressions (Step 7).

Proceed according to the Pediatric Cardiac Arrest Algorithm. If ROSC, go to the Post²Cardiac Arrest Care checklist
(Step 9) and begin the eYalXate-identif\-interYene seqXence (Step 12).

CKHFN BUHaWKLQJ aQG PXOVH (SWHS 4)

Ne[t, check for breathing and a pXlse simXltaneoXsl\ (Step 4).

II NR NRUPaO BUHaWKLQJ, BXW a PXOVH IV FHOW, PURYLGH RHVFXH BUHaWKV (SWHS 5)

If a pXlse is felt, open and maintain a patent airZa\ and proYide rescXe breathing (Step 5). Administer o[\gen as soon
as it is aYailable. (Refer to RescXe Breathing in Part 8 for more information.) For infants and children, giYe 1 breath
eYer\ 2 to 3 seconds (aboXt 20-30 breaths/min), and giYe each breath oYer 1 second. Each breath shoXld resXlt in
Yisible chest rise. Monitor pXlse and o[imetr\.

Check the heart rate. If the heart rate is less than 60/min Zith signs of poor perfXsion despite adeqXate o[\genation
and Yentilation (Step 6), proYide chest compressions and breaths (Step 7). Proceed according to the Pediatric
Cardiac Arrest Algorithm.

If the heart rate is 60/min or greater, continXe rescXe breathing as needed. Begin the eYalXate-identif\-interYene
seqXence (Steps 10 throXgh 12). Check the pXlse aboXt eYer\ 2 minXtes. Be prepared to interYene according to the
Pediatric Cardiac Arrest Algorithm if needed.

II TKHUH IV NRUPaO BUHaWKLQJ aQG a PXOVH IV FHOW

If XnresponsiYeness is a neZ Ànding and breathing and pXlse are adeqXate, actiYate the emergenc\ response s\stem
as appropriate for \oXr setting. ContinXe \oXr s\stematic assessment (folloZ Steps 10 throXgh 12).

Initial Assessment

If \oX do not immediatel\ detect a life-threatening emergenc\, \oX can continXe forming \oXr initial assessment of the
child·s condition. Use the PAT to form \oXr initial impression.

The PAT Xses A-B-C, Zhich stands for appearance, Zork of Ereathing, and FircXlator\ statXs. It begins Zith eYalXating
appearance (A) as an indicator of oYerall ph\siologic statXs, inclXding degree of interactiYit\, mXscle tone, and Yerbal
response or cr\. Use the TICLS (Wone, LnteractiYeness, Fonsolabilit\, Oook/ga]e, Vpeech/cr\) mnemonic as an adjXnct.
The second component of the PAT is breathing (B), Zhich determines Zhether a child has increased Zork of breathing
b\ assessing the patients· position (ie, tripod or snifÀng position), Zork of breathing (ie, retractions), and adYentitial
breath soXnds (eg, stridor, sonoroXs respirations). The Ànal component of the PAT eYalXates the child·s oYerall
circXlator\ statXs (C) based on general color (eg, pale, mottled, c\anotic). A child Zith abnormal PAT Àndings reqXires
prompt eYalXation and management. The Àndings of the PAT ma\ indicate need for immediate interYention (eg, CPR
for a patient Zho is apneic and pXlseless, toXrniqXet Xse for e[sangXinating hemorrhage of an e[tremit\).

ASSeaUaQce



The Àrst part of the PAT is the child·s appearance, inclXding leYel of conscioXsness and abilit\ to interact. CarefXll\,
bXt qXickl\, obserYe the child·s appearance to eYalXate the leYel of conscioXsness b\ obserYing the child·s TICLS. If
the child is XnresponsiYe, shoXt for nearb\ help, assess breathing and pXlse, and then actiYate the rapid response or
the emergenc\ response s\stem as appropriate for \oXr clinical setting.

If the child is cr\ing or Xpset, it can be difÀcXlt to knoZ if she is responding appropriatel\. Tr\ to keep the child as calm
as possible b\ letting her remain Zith her parent or caregiYer if practical, and Xse distractions sXch as to\s.

BUeaWhiQg

The ne[t part of the PAT is eYalXating the child·s Zork of breathing, position, and an\ aXdible breath soXnds (ie,
soXnds that can be heard ZithoXt a stethoscope) (Table 9). Look for signs of absent or increased respirator\ effort.
Listen for obYioXs soXnds of abnormal breathing, sXch as grXnting, stridor, or Zhee]ing. Note Zhether the patient·s
position sXggests respirator\ distress, sXch as the tripod position.

Table 9. Evaluating Work of Breathing

EYaOXaWH NRUPaO AEQRUPaO

ReVSiUaWRU\ effRUW*

LXng and aiUZa\ VRXndV* NR abnRUmal UeVSiUaWRU\ VRXndV
aXdible

NRiV\ bUeaWhing (eg, Zhee]ing, gUXnWing, VWUidRU)

*RefeU WR deWailed diVcXVViRn Rf UeVSiUaWRU\ effRUW and lXng and aiUZa\ VRXndV in Whe PUimaU\ AVVeVVmenW VecWiRn in WhiV PaUW.

CiUcXOaWiRQ (CRORU)

To complete the third part of the PAT, assess the child·s oYerall circXlator\ statXs. Assess the child·s color, inclXding
skin color and pattern or obYioXs signiÀcant bleeding, Zhich ma\ help \oX assess hoZ Zell the child is perfXsing. YoX
can often identif\ important information aboXt circXlator\ statXs jXst b\ looking at a child.

Pallor (paleness), mottling (an irregXlar skin color), or c\anosis (blXish/gra\ skin color) sXggests poor perfXsion, poor
o[\genation, or both. C\anosis of the lips and Àngernails ma\ appear if the child cannot adeqXatel\ o[\genate the
blood.

ObserYe the e[posed parts of the child, sXch as the face, arms, and legs. A ÁXshed appearance ma\ sXggest feYer or
distribXtiYe shock sXch as from sepsis, to[ins, or anaph\la[is. A skin inspection ma\ reYeal brXising that sXggests

RegXlaU bUeaWhing, nR incUeaVed
effRUW
PaVViYe e[SiUaWiRn

NaVal ÁaUing
ReWUacWiRnV RU XVe Rf acceVVRU\ mXVcleV
IncUeaVed, inadeTXaWe, RU abVenW UeVSiUaWRU\
effRUW



injXr\. YoX ma\ also see eYidence of bleeding Zithin the skin, called SeWecKLae or SXUSXUa. This pXrplish discoloration
of the skin ma\ be a sign of a life-threatening infection.

EYalXate the skin and mXcoXs membranes (Table 10). AUe WKe\ QRUPaO RU abQRUPaO?

Table 10. Evaluating Skin and Mucous Membranes

EYaOXaWH NRUPaO AEQRUPaO

Skin cRlRU* ASSeaUV nRUmal

PeWechiae RU SXUSXUa RU YiVible
bleeding ZRXndV

NRW nRUmal

*RefeU WR Whe diVcXVViRn Rf Vkin cRlRU in Whe PUimaU\ AVVeVVmenW VecWiRn in WhiV PaUW.

Evaluate-Identify-Intervene

Use the eYalXate-identif\-interYene seqXence (FigXre 15) Zhen caring for a serioXsl\ ill or injXred child to help \oX
determine the best treatment or interYention at an\ point. From the information gathered dXring \oXr eYalXation,
identif\ the child·s clinical condition b\ t\pe and seYerit\. InterYene Zith appropriate actions, and then repeat the
seqXence. This process is ongoing.

Figure 15. Evaluate-identify-
intervene sequence.

If at an\ point \oX identif\ a life-threatening problem, immediatel\ actiYate the emergenc\ response s\stem (or send
someone to do so) Zhile \oX begin lifesaYing interYentions. Sometimes a child·s condition ma\ seem stable despite
the presence of a life-threatening problem. E[amples inclXde a child Zho has ingested a to[in bXt is not \et shoZing
effects and a traXma Yictim Zith internal bleeding Zho ma\ initiall\ maintain blood pressXre b\ increasing heart rate
and s\stemic YascXlar resistance. Reassess freqXentl\.

EYaOXaWe

AlZa\s Yerif\ the scene is safe and assess for potential enYironmental dangers before \oX eYalXate the child,
especiall\ in oXt-of-hospital settings.

If no life-threatening condition is present, eYalXate the child·s condition b\ Xsing these clinical assessment tools:

IdeQWif\

Identif\ the t\pe and seYerit\ of the child·s problem (Table 11).

Table 11. Type and Severity of Potential Problems

T\SH SHYHULW\

ReVSiUaWRU\

PallRU
MRWWling
C\anRViV

ObYiRXV VigniÀcanW bleeding
Bleeding ZiWhin Whe Vkin (eg, SXUSXUa)

Initial assessment: a Àrst, qXick, ´from the doorZa\µ obserYation of the child·s appearance, breathing, and color,
performed Zithin the ÀUVW IeZ VecRQdV after encoXntering the child
Primar\ assessment: a rapid, hands-on ABCDE approach to eYalXate respirator\, cardiac, and neXrologic
fXnction; inclXdes assessment of Yital signs and pXlse o[imetr\
Secondar\ assessment: a focXsed medical histor\ and a focXsed ph\sical e[am

USSeU aiUZa\ RbVWUXcWiRn
LRZeU aiUZa\ RbVWUXcWiRn

ReVSiUaWRU\ diVWUeVV
ReVSiUaWRU\ failXUe



CiUcXlaWRU\

Cardiopulmonary failure

Cardiac arrest

The child·s clinical condition can resXlt from a combination of respirator\ and circXlator\ problems. As a serioXsl\ ill or
injXred child deteriorates, one problem ma\ lead to others, sXch as cardiopXlmonar\ failXre and cardiac arrest. Note
that in the initial phase of \oXr identiÀcation, \oX ma\ be Xncertain aboXt the t\pe or seYerit\ of problems.

Identif\ing the problem Zill help \oX determine the best initial interYentions. Recognition and management are
discXssed in detail later in this manXal.

IQWeUYeQe

Once \oX identif\ the child·s clinical condition, interYene Zith appropriate actions Zithin \oXr scope of practice. PALS
interYentions ma\ inclXde

CRQWiQXRXV SeTXeQce

ContinXe the eYalXate-identif\-interYene seqXence Xntil the child is stable. Use this seqXence before and after each
interYention to look for trends in the child·s condition. For e[ample, after \oX giYe O2, reeYalXate the child. Is the child
breathing a little easier? Are color and mental statXs improYing? After \oX giYe a ÁXid bolXs to a child in h\poYolemic
shock, do heart rate and perfXsion improYe? Is another bolXs needed? Use the eYalXate-identif\-interYene seqXence
ZheneYer the child·s condition changes.

CUiWicaO CRQceSWV: The EYaOXaWe-IdeQWif\-IQWeUYeQe SeTXeQce IV CRQWiQXRXV
Remember to repeat the eYalXate-identif\-interYene seqXence Xntil the child is stable:

Primary Assessment

The primar\ assessment Xses a hands-on ABCDE approach and inclXdes assessment of the patient·s Yital signs
(inclXding o[\gen satXration b\ pXlse o[imetr\).

LXng WiVVXe diVeaVe
DiVRUdeUed cRnWURl Rf bUeaWhing

H\SRYRlemic VhRck
DiVWUibXWiYe VhRck
CaUdiRgenic VhRck
ObVWUXcWiYe VhRck

CRmSenVaWed VhRck
H\SRWenViYe VhRck

Positioning the child to maintain an open/patent airZa\
ActiYating the emergenc\ response s\stem
Starting CPR
Obtaining the code cart and monitor
Placing the child on a cardiac monitor and pXlse o[imeter
Administering O2
SXpporting Yentilation
Starting medications and ÁXids (eg, nebXli]er treatment, IV/IO ÁXid bolXs)

After each interYention
When the child·s condition changes or deteriorates

AirZa\



As \oX proceed throXgh each component of the primar\ assessment, treat life-threatening abnormalities in real time
before \oX complete the remainder of the primar\ assessment. In patients Zith life-threatening conditions eYident in
the primar\ assessment, correcting those conditions takes precedence oYer establishing baseline Yital sign measXres
sXch as blood pressXre or pXlse o[imetr\. When \oX complete the primar\ assessment and after \oX address an\ life-
threatening problems, proceed to the secondar\ assessment.

AiUZa\

When \oX assess the airZa\, \oX determine if it is open/patent. To assess Xpper airZa\ openness/patenc\:

To check for breathing, scan the Yictim·s chest for rise and fall for no more than 10 seconds.

To minimi]e dela\ in starting CPR, \oX ma\ assess breathing at the same time as \oX check the pXlse. This shoXld
take no more than 10 seconds.

The folloZing signs sXggest that the Xpper airZa\ is obstrXcted:

If the Xpper airZa\ is obstrXcted, determine if \oX can open and maintain the airZa\ Zith VLPSOe PeaVXUeV or if \oX
need adYaQced LQWeUYeQWLRQV.

SiPSOe MeaVXUeV WR MaiQWaiQ Whe AiUZa\

Simple measXres to open and maintain an open/patent Xpper airZa\ ma\ inclXde one or more of the folloZing:

PRVLWLRQLQJ

For a responsiYe child, alloZ the child to assXme a position of comfort or eleYate the head of the bed. For an
XnresponsiYe child, tXrn the child on her side if \oX do not sXspect cerYical injXr\ or Xse a head tilt²chin lift or jaZ
thrXst to improYe airZa\ patenc\.

HHaG TLOW²CKLQ LLIW RU JaZ TKUXVW

If \oX do not sXspect cerYical spine injXr\, Xse the head tilt²chin lift maneXYer to open the airZa\. AYoid oYere[tending
the head/neck in infants becaXse this ma\ occlXde, or block, the airZa\. If \oX sXspect cerYical spine injXr\ (eg, the
child has a head or neck injXr\), open the airZa\ b\ Xsing a jaZ thrXst ZithoXt neck e[tension. If this does not open
the airZa\, Xse a head tilt²chin lift or jaZ thrXst Zith neck e[tension becaXse opening the airZa\ is a priorit\. DXring
CPR, stabili]e the head and neck manXall\ rather than Zith immobili]ation deYices. Note that the jaZ thrXst ma\ be
Xsed in children ZithoXt traXma as Zell.

SXFWLRQLQJ

SXction the nose and orophar\n[. AYoid oYere[tending the head/neck in infants becaXse this ma\ occlXde the airZa\.

Breathing
CircXlation
Disabilit\
E[posXre

Look for chest or abdomen moYement
Listen for air moYement and breath soXnds
Feel for air moYement at the nose and moXth

If the Yictim is breathing, monitor the Yictim Xntil additional help arriYes.
If the Yictim is not breathing or is onl\ gasping, this is not considered normal breathing and is a sign of cardiac
arrest.

Increased inspirator\ effort Zith retractions
Abnormal inspirator\ soXnds (snoring or high-pitched stridor)
Episodes Zhere no airZa\ or breath soXnds are present despite respirator\ effort (ie, complete Xpper airZa\
obstrXction)



RHOLHI THFKQLTXHV IRU FRUHLJQ-BRG\ ALUZa\ OEVWUXFWLRQ

If \oX sXspect a child has aspirated a foreign bod\, has complete airZa\ obstrXction (is Xnable to make an\ soXnd),
and is UeVSRQVLYe, repeat the folloZing as needed:

If at an\ time the child becomes XnresponsiYe, actiYate (if \oX haYe a mobile deYice) or send someone to actiYate the
emergenc\ response s\stem and begin CPR.

ALUZa\ AGMXQFWV

Use airZa\ adjXncts to keep the tongXe from falling back and obstrXcting the airZa\, bXt don·t rel\ on an adjXnct
alone to maintain an open airZa\. YoX ma\ still need to Xse a head tilt²chin lift. Assess the patient.

AGYaQFHG IQWHUYHQWLRQV

AdYanced interYentions to maintain airZa\ openness/patenc\ ma\ inclXde one or more of the folloZing:

BUeaWhiQg

Assessing breathing inclXdes eYalXating

NRUPaO ReVSiUaWRU\ RaWe

YoX can accomplish normal spontaneoXs breathing Zith minimal Zork, resXlting in qXiet breathing Zith Xnlabored
inspiration and passiYe e[piration. The normal respirator\ rate is inYersel\ related to age (Table 12): rapid in the
neonate and decreased as the child gets older.

Table 12. Normal Respiratory Rates by Age*

AJH RaWH (EUHaWKV/PLQ)

InfanW 30-53

TRddleU 22-37

PUeVchRRleU 20-28

SchRRl-age child 18-25

AdRleVcenW 12-20

*CRnVideU Whe SaWienW'V nRUmal Uange. The child·V UeVSiUaWRU\ UaWe iV e[SecWed WR incUeaVe in Whe SUeVence Rf feYeU RU VWUeVV.
ReSURdXced fURm Ha]inVki MF. ChildUen aUe diffeUenW. In: Ha]inVki MF, ed. NXUVing CaUe of Whe CUiWicall\ Ill Child. 3Ud ed. MRVb\;
2013:1-18, cRS\UighW ElVeYieU. DaWa fURm Fleming S, ThRmSVRn M, SWeYenV R, eW al. LanceW.2011;377(9770):1011-1018.

YoXnger than 1 \ear: giYe 5 back slaps and 5 chest compressions
1 \ear or older: giYe abdominal thrXsts

Endotracheal (ET) intXbation or placing a lar\ngeal mask airZa\
Appl\ing continXoXs positiYe airZa\ pressXre or noninYasiYe Yentilation
RemoYing a foreign bod\; this interYention ma\ reqXire direct lar\ngoscop\ (ie, YisXali]ing the lar\n[ Zith a
lar\ngoscope)
Cricoth\rotom\ (a needle pXnctXre or sXrgical opening throXgh the skin and cricoth\roid membrane and into the
trachea beloZ the Yocal cords)

Respirator\ rate and pattern
Respirator\ effort
Chest e[pansion and air moYement
LXng and airZa\ soXnds
O2 satXration b\ pXlse o[imetr\



CUiWicaO CRQceSWV: VeU\ SORZ RU VeU\ FaVW ReVSiUaWRU\ RaWe IV a WaUQiQg SigQ
A consistent respirator\ rate of less than 10 or more than 60 breaths per minXte in a child of an\ age is often
abnormal and Zarrants fXrther assessment for the presence of a potentiall\ serioXs condition.

EYalXate respirator\ rate before \oXr hands-on assessment becaXse an[iet\ and agitation commonl\ alter the
baseline rate. If the child has an\ condition that caXses increased metabolic demand (eg, e[citement, an[iet\,
e[ercise, pain, or feYer), it ma\ be appropriate for the respirator\ rate to be higher than normal.

Determine the respirator\ rate b\ coXnting the nXmber of times the chest rises in 30 seconds and mXltipl\ing b\ 2.
Normal sleeping infants ma\ haYe irregXlar (periodic) breathing Zith paXses lasting Xp to 10 or eYen 15 seconds. If
\oX coXnt the nXmber of times the chest rises for less than 30 seconds, \oX ma\ estimate the respirator\ rate
inaccXratel\. CoXnt the respirator\ rate seYeral times as \oX assess and reassess the child to detect changes.
AlternatiYel\, the respirator\ rate ma\ be displa\ed continXoXsl\ on a monitor.

A decreasing respirator\ rate from a rapid to a more ´normalµ rate ma\ indicate oYerall improYement if it is associated
Zith an improYed leYel of conscioXsness and redXced signs of d\spnea and Zork of breathing. A decreasing or
irregXlar respirator\ rate in a child Zith a deteriorating leYel of conscioXsness, hoZeYer, often indicates a Zorsening of
the child·s clinical condition.

AbQRUPaO ReVSiUaWRU\ RaWe aQd PaWWeUQ

Abnormal respirations inclXde

IUUHJXOaU RHVSLUaWRU\ PaWWHUQ

Children Zith neXrologic problems ma\ haYe irregXlar respirator\ patterns. E[amples of sXch irregXlar patterns are

IrregXlar patterns sXch as these are serioXs and reqXire Xrgent eYalXation.

FaVW RHVSLUaWRU\ RaWH

A IaVW UeVSLUaWRU\ UaWe (tach\pnea) is a breathing rate that is faster than normal for age. It is often the Àrst sign of
respirator\ distress in infants and can deYelop dXring periods of stress.

A fast respirator\ rate ma\ or ma\ not be accompanied b\ signs of increased respirator\ effort. A fast respirator\ rate
ZLWKRXW signs of increased respirator\ effort (ie, TXLeW WacK\SQea) ma\ resXlt from conditions that are not primaril\
respirator\ in origin, sXch as

SORZ RHVSLUaWRU\ RaWH

A sloZer than normal respirator\ rate (brad\pnea) ma\ be caXsed b\

IrregXlar respirator\ pattern
Fast respirator\ rate (tach\pnea)
SloZ respirator\ rate (brad\pnea)
Apnea

A deep gasping breath, folloZed b\ a period of apnea (no breathing or onl\ gasping)
A rapid respirator\ rate, folloZed b\ periods of apnea or Yer\ shalloZ breaths

High feYer
Pain
Anemia
C\anotic congenital heart disease
Metabolic acidosis
Deh\dration
Sepsis (serioXs infection)

Respirator\ mXscle fatigXe
A central nerYoXs s\stem injXr\ or problem that affects the respirator\ control center
SeYere h\po[ia



CUiWicaO CRQceSWV: BUad\SQea RU IUUegXOaU ReVSiUaWRU\ RaWe OfWeQ SigQaO IPSeQdiQg AUUeVW
Brad\pnea or an irregXlar respirator\ rate in an acXtel\ ill infant or child is an ominoXs clinical sign and often signals
impending arrest.

ASQHa

Apnea is Zhen breathing stops, t\picall\ deÀned as longer than 20 seconds. Apnea ma\ be fXrther classiÀed as
FHQWUaO or REVWUXFWLYH, depending on Zhether inspirator\ mXscle actiYit\ is present. Central apnea indicates that the
child is making no respirator\ effort becaXse of an abnormalit\ or sXppression of the brain or spinal cord, Zhereas
obstrXctiYe apnea occXrs Zhen the passage of air is impeded, resXlting in h\po[emia, h\percapnia, or both.
FXrthermore, in mi[ed apnea, periods of obstrXctiYe apnea and periods of central apnea occXr.

Agonal gasps commonl\ happen in adXlts after sXdden cardiac arrest and ma\ be confXsed Zith normal breathing.
The\ also appear late in the deterioration of a Yer\ sick child. Agonal gasps Zill not prodXce effectiYe o[\genation and
Yentilation.

IQcUeaVed ReVSiUaWRU\ EffRUW

Increased respirator\ effort resXlts from conditions that increase resistance to airÁoZ (eg, asthma or bronchiolitis) or
that caXse the lXngs to be stiffer and difÀcXlt to inÁate (eg, pneXmonia, pXlmonar\ edema, or pleXral effXsion).
NonpXlmonar\ conditions that resXlt in seYere metabolic acidosis (eg, shock, DKA, salic\late ingestion, inborn errors
of metabolism) can also caXse increased respirator\ rate and effort. Signs of increased respirator\ effort reÁect the
child·s attempt to improYe o[\genation, Yentilation, or both, so Xse these signs to assess the seYerit\ of the condition
and determine the Xrgenc\ of interYention. Signs of increased respirator\ effort inclXde

Other signs are prolonged inspirator\ or e[pirator\ times, open-moXth breathing, gasping, and Xse of accessor\
mXscles. GrXnting is a serioXs sign and ma\ indicate respirator\ distress or respirator\ failXre. (Refer to GrXnting later
in this Part.)

NaVaO FOaULQJ

NaVaO ÁaULQJ is dilation of the nostrils Zith each inhalation to ma[imi]e airÁoZ. It is most commonl\ obserYed in infants
and \oXnger children and is XsXall\ a sign of respirator\ distress.

RHWUaFWLRQV

ReWUacWLRQV are inZard moYements of the chest Zall or tissXes or sternXm dXring inspiration. Chest retractions signif\
that the child is tr\ing to moYe air into the lXngs b\ Xsing the chest mXscles, bXt air moYement is impaired b\
increased airZa\ resistance or stiff lXngs. Retractions ma\ occXr in seYeral areas of the chest. The seYerit\ of the
retractions generall\ corresponds Zith the seYerit\ of the child·s breathing difÀcXlt\.

Table 13 describes the location of retractions commonl\ associated Zith each leYel of breathing difÀcXlt\.

Table 13. Location of Retractions Commonly Associated With Each Level of Breathing DifÀculty

BUHaWKLQJ GLIÀFXOW\ LRFaWLRQ RI UHWUaFWLRQ DHVFULSWLRQ

Mild to moderate SXbcRVWal ReWUacWiRn Rf Whe abdRmen, jXVW belRZ Whe
Uib cage

SXbVWeUnal ReWUacWiRn Rf Whe abdRmen aW Whe bRWWRm
Rf Whe VWeUnXm

InWeUcRVWal ReWUacWiRn beWZeen Whe UibV

SeYere shock
H\pothermia
DrXgs that depress the respirator\ driYe
Some mXscle diseases that caXse mXscle Zeakness

Nasal Áaring
Retractions
Head bobbing or seesaZ respirations



Severe (ma\ inclXde Whe Vame
UeWUacWiRnV aV Veen ZiWh mild WR
mRdeUaWe bUeaWhing difÀcXlW\)

SXSUaclaYicXlaU ReWUacWiRn in Whe WiVVXeV jXVW abRYe Whe
cRllaUbRne

SXSUaVWeUnal ReWUacWiRn in Whe cheVW, jXVW abRYe Whe
VWeUnXm

SWeUnal ReWUacWiRn Rf Whe VWeUnXm WRZaUd Whe
VSine

Retractions accompanied b\ stridor or an inspirator\ snoring soXnd sXggest Xpper airZa\ obstrXction, Zhile
retractions accompanied b\ e[pirator\ Zhee]ing sXggest marked loZer airZa\ obstrXction (asthma or bronchiolitis),
caXsing obstrXction dXring both inspiration and e[piration. Retractions accompanied b\ grXnting or labored
respirations sXggest lXng tissXe disease. SeYere retraction also ma\ be accompanied b\ head bobbing or seesaZ
respirations.

HHaG BREELQJ RU SHHVaZ RHVSLUaWLRQV

Head bobbing and seesaZ respirations often indicate that the child has increased risk for deterioration.

IQadeTXaWe ReVSiUaWRU\ EffRUW

When eYalXating respirator\ effort, look for signs that respirator\ effort is inadeqXate and be prepared to sXpport
airZa\, o[\genation, and Yentilation. These signs inclXde

CheVW E[SaQViRQ aQd AiU MRYePeQW

EYalXate magnitXde of chest Zall e[pansion and air moYement to assess adeqXac\ of the child·s tidal YolXme, the
YolXme of air inspired Zith each breath. Normal tidal YolXme is appro[imatel\ 5 to 7 mL/kg of ideal bod\ Zeight
throXghoXt life. It is difÀcXlt to measXre Xnless a child is mechanicall\ Yentilated, so \oXr clinical assessment is Yer\
important.

CKHVW WaOO E[SaQVLRQ

Chest e[pansion (chest rise) dXring inspiration shoXld be s\mmetrical. It ma\ be sXbtle dXring spontaneoXs qXiet
breathing, especiall\ Zhen clothing coYers the chest, bXt chest e[pansion shoXld be readil\ Yisible Zhen the chest is
XncoYered. In normal infants, the abdomen ma\ moYe more than the chest. Decreased or as\mmetrical chest
e[pansion ma\ resXlt from inadeqXate effort, airZa\ obstrXction, atelectasis, pneXmothora[, hemothora[, pleXral
effXsion, mXcoXs plXg, or foreign-bod\ aspiration.

ALU MRYHPHQW

AXscXltation for air moYement is critical. Listen for the intensit\ of breath soXnds and qXalit\ of air moYement in the
folloZing areas:

BecaXse the chest is small and the chest Zall is thin in infants and children, breath soXnds readil\ transmit from one
side of the chest to the other and from the Xpper airZa\. To eYalXate distal air entr\, listen beloZ both a[illae. BecaXse

Head bobbing is caXsed b\ Xsing neck mXscles to assist breathing. The child lifts the chin and e[tends the neck
dXring inspiration and alloZs the chin to fall forZard dXring e[piration. It is most freqXentl\ seen in infants and can
be a sign of respirator\ failXre.
SeesaZ respirations are present Zhen the chest retracts and the abdomen e[pands dXring inspiration, and then
the chest e[pands and the abdomen moYes inZard dXring e[piration. In most children Zith neXromXscXlar
disease, seesaZ breathing is caXsed b\ Zeakness of the abdominal and chest Zall mXscles and b\ strong
contraction of the diaphragm that dominates the Zeaker abdominal and chest Zall mXscles. SeesaZ respirations
XsXall\ indicate Xpper airZa\ obstrXction, bXt the\ also ma\ be obserYed in seYere loZer airZa\ obstrXction, lXng
tissXe disease, and states of disordered control of breathing. SeesaZ respirations are characteristic of infants and
children Zith neXromXscXlar Zeakness. This inefÀcient form of Yentilation can qXickl\ lead to fatigXe.

Apnea
Weak cr\ or coXgh
Brad\pnea
Agonal gasps

Anterior, located at mid-chest (jXst to the left and right of the sternXm)
Lateral, located Xnder the armpits (the best location for eYalXating air moYement into the loZer parts of the lXngs)
Posterior, located on both sides of the back



these areas are farther from the larger condXcting airZa\s, Xpper airZa\ soXnds are less likel\ to be transmitted.

Listen to the loXdness of the air moYement:

Decreased chest e[cXrsion or decreased air moYement dXring aXscXltation often accompanies poor respirator\ effort.
In the child Zith apparentl\ normal or increased respirator\ effort, diminished distal air entr\ sXggests airÁoZ
obstrXction or lXng tissXe disease. If the child·s Zork of breathing and coXghing sXggest loZer airZa\ obstrXction, bXt
\oX cannot hear Zhee]es, the amoXnt and rate of airÁoZ ma\ be insXfÀcient to caXse Zhee]ing.

Distal air entr\ ma\ be difÀcXlt to hear in the obese child, so it ma\ be difÀcXlt to identif\ signiÀcant airZa\
abnormalities in this popXlation.

MLQXWH VHQWLOaWLRQ

MinXte Yentilation is the YolXme of air that moYes into or oXt of the lXngs each minXte. It is the prodXct of the nXmber
of breaths per minXte (respirator\ rate) and the YolXme of each breath (tidal YolXme).

MLQXWH VHQWLOaWLRQ = RHVSLUaWRU\ RaWH ð TLGaO VROXPH

LoZ minXte Yentilation (h\poYentilation) ma\ resXlt from

LXQg aQd AiUZa\ SRXQdV

DXring the primar\ assessment, listen for lXng and airZa\ soXnds. Abnormal soXnds inclXde stridor, snoring, grXnting,
gXrgling, Zhee]ing, crackles, and change in cr\/phonation/coXgh (inclXding barking coXgh).

SWULGRU

SWULdRU is a coarse, XsXall\ higher-pitched breathing soXnd t\picall\ heard on inspiration, thoXgh \oX ma\ hear it
dXring both inspiration and e[piration. Stridor is a sign of Xpper airZa\ (e[trathoracic) obstrXction and ma\ indicate
that the obstrXction is critical and reqXires immediate interYention.

Stridor has man\ caXses of stridor, inclXding

SQRULQJ

AlthoXgh VQRULQJ ma\ be common in children dXring sleep, it also can be a sign of airZa\ obstrXction. Soft tissXe
sZelling or decreased leYel of conscioXsness ma\ caXse airZa\ obstrXction and snoring.

GUXQWLQJ

GUXQWLQJ is t\picall\ a short, loZ-pitched soXnd heard dXring e[piration that can sometimes be misinterpreted as a soft
cr\. It occXrs as the child e[hales against a partiall\ closed glottis. AlthoXgh grXnting ma\ accompan\ the response to
pain or feYer, infants and \oXng children often grXnt to help keep the small airZa\s and alYeolar sacs in the lXngs
open in an attempt to optimi]e o[\genation and Yentilation.

GrXnting often signiÀes lXng tissXe disease resXlting from small airZa\ collapse, alYeolar collapse, or both. It ma\
indicate progression of respirator\ distress to respirator\ failXre. PXlmonar\ conditions that caXse grXnting inclXde

T\pical inspirator\ soXnds can be heard distall\ as soft, qXiet noises occXrring simXltaneoXsl\ Zith obserYed
inspirator\ effort.
Normal e[pirator\ breath soXnds are often short and qXieter; sometimes \oX ma\ not eYen hear them.

SloZ respirator\ rate
Small tidal YolXme (ie, shalloZ breathing, high airZa\ resistance, stiff lXngs)
E[tremel\ rapid respirator\ rate (resXlting in Yer\ small tidal YolXmes)

A foreign bod\ in the airZa\
Infection (eg, croXp)
Congenital airZa\ abnormalities (eg, lar\ngomalacia)
AcqXired airZa\ abnormalities (eg, tXmor or c\st)
Upper airZa\ edema (eg, allergic reaction or sZelling after a medical procedXre)

PneXmonia
PXlmonar\ contXsion
AcXte respirator\ distress s\ndrome
Cardiac conditions, sXch as congestiYe heart failXre, that resXlt in pXlmonar\ edema



GrXnting ma\ be a sign of pain resXlting from abdominal patholog\ (eg, boZel obstrXction, perforated YiscXs,
appendicitis, or peritonitis). It is t\picall\ a sign of seYere respirator\ distress or failXre from lXng tissXe disease.
Identif\ and treat the caXse as qXickl\ as possible, and be prepared to qXickl\ interYene if the child·s condition
Zorsens.

GXUJOLQJ

GXUJOLQJ is a bXbbling soXnd heard dXring inspiration or e[piration that resXlts from Xpper airZa\ obstrXction dXe to
airZa\ secretions, Yomit, or blood.

WKHH]LQJ

WKee]LQJ is a high-pitched or loZ-pitched Zhistling or sighing soXnd heard most often dXring e[piration and less
freqXentl\ dXring inspiration. This soXnd t\picall\ indicates loZer (intrathoracic) airZa\ obstrXction, especiall\ of the
smaller airZa\s. Common caXses of Zhee]ing are bronchiolitis and asthma. Isolated inspirator\ Zhee]ing sXggests a
foreign bod\ or other caXse of partial obstrXction of the trachea or Xpper airZa\.

CUaFNOHV

CUacNOeV, also knoZn as UaOeV, are sharp, crackling inspirator\ soXnds. Dr\ crackles soXnd similar to the soXnd made
Zhen \oX rXb seYeral hairs together close to \oXr ear. Dr\ crackles are more often heard Zith atelectasis (small
airZa\ collapse) and interstitial lXng disease. Moist crackles indicate accXmXlation of alYeolar ÁXid and are t\picall\
associated Zith lXng tissXe disease (eg, pneXmonia and pXlmonar\ edema) or interstitial lXng disease. Note that \oX
ma\ not hear crackles despite the presence of pXlmonar\ edema.

CKaQJH LQ CU\/PKRQaWLRQ/CRXJK (IQFOXGLQJ BaUNLQJ CRXJK)

If an infant·s cr\ becomes Yer\ soft Zith onl\ short soXnds dXring e[piration (ie, so the cr\ soXnds more like the soft
´meZingµ of a cat) or an older child begins to talk in short phrases or single Zords instead of sentences, this ma\
indicate seYere respirator\ distress and shortness of breath. If an infant or child deYelops a ´barkingµ coXgh or change
in pitch of cr\ or Yoice, this ma\ indicate Xpper airZa\ obstrXction.

O[\geQ SaWXUaWiRQ b\ PXOVe O[iPeWU\

The O2 satXration is the percent of total hemoglobin that is fXll\ satXrated Zith o[\gen (ie, the o[\hemoglobin
satXration). This o[\hemoglobin satXration does not indicate the amoXnt of O2 deliYered to the tissXes. O2 deliYer\ is
the prodXct of arterial O2 content (o[\gen boXnd to hemoglobin plXs dissolYed O2) and cardiac oXtpXt. It is also
important to note that O2 satXration does not proYide information aboXt effectiYeness of Yentilation (CO2 elimination).

PXlse o[imetr\ monitors the percentage of the child·s hemoglobin that is fXll\ satXrated Zith o[\gen. The pXlse
o[imeter consists of a probe that is linked to a monitor and attached to the child·s Ànger, toe, or earlobe. It mXst detect
a consistent pXlsatile signal. The Xnit displa\s the calcXlated percentage of satXrated hemoglobin. Most Xnits make
an aXdible soXnd for each pXlse beat and displa\ the heart rate, Zhile some models displa\ the qXalit\ of the pXlse
signal as a ZaYeform or Zith bars.

BecaXse pXlse o[imetr\ can indicate loZ O2 satXration (h\po[emia) before it caXses c\anosis or brad\cardia,
proYiders can Xse pXlse o[imetr\ to monitor trends in O2 satXration in response to treatment. If aYailable, continXoXsl\
monitor pXlse o[imetr\ for a child in respirator\ distress or failXre dXring stabili]ation, transport, and post²cardiac
arrest care.

An O2 satXration (SpO2) of 94% or more Zhile a child is breathing room air XsXall\ indicates that o[\genation is
adeqXate; conYersel\, an SpO2 less than 94% Zhen the child is breathing room air indicates h\po[emia. Consider
administering sXpplemental O2 if the O2 satXration is beloZ this YalXe in a criticall\ ill or injXred child. An SpO2 of less
than 90% in a child receiYing 100% O2 is an indication for additional interYention. The pXlse o[imeter probe has 2
parts that mXst be placed opposite each other, so the\ are located on either side of a pXlsatile tissXe bed. Lights of
different ZaYelengths originate from one side of the probe, and the light is captXred on the other side of the tissXe b\
the other side of the probe. A processor in the o[imeter calcXlates the percent of each light that has been absorbed
b\ the tissXes. Hemoglobin that is fXll\ satXrated Zith o[\gen absorbs light differentl\ than hemoglobin that is not fXll\
satXrated Zith o[\gen. B\ determining the absorption of the different ZaYelengths of light, the pXlse o[imeter can
estimate the percent of hemoglobin that is fXll\ satXrated Zith blood.

Errors in pXlse o[imetr\ can occXr if the probe is not placed across an area of pXlsatile blood ÁoZ (ie, the pXlses are
Yer\ Zeak or poorl\ perfXsed, or the probe is placed so the side emitting light is not directl\ across from the side that
captXres the light). Bright light in the room can interfere Zith accXrate light absorption detection. In addition, a pXlse
o[imeter Zill report falsel\ high YalXes in the presence of carbon mono[ide poisoning becaXse hemoglobin boXnd b\



carbon mono[ide (as in carbon mono[ide poisoning) absorbs light in a Za\ that is Yer\ similar to hemoglobin that is
fXll\ satXrated Zith o[\gen (refer to CaXtion in Interpreting O[imetr\ Readings section).

CaXWLRQ LQ IQWHUSUHWLQJ PXOVH O[LPHWU\ RHaGLQJV

Be carefXl to interpret pXlse o[imetr\ readings in conjXnction Zith \oXr clinical assessment, inclXding considering
signs sXch as respirator\ rate, respirator\ effort, and leYel of conscioXsness. A child ma\ be in respirator\ distress \et
maintain normal O2 satXration b\ increasing respirator\ rate and effort, especiall\ if receiYing sXpplemental O2.

If the pXlse o[imeter displa\s a different heart rate from the one determined b\ electrocardiographic (ECG)
monitoring, the displa\ed O2 satXration is not reliable. WKeQ WKe SXOVe R[LPeWeU dReV QRW deWecW a cRQVLVWeQW SXOVe RU
WKeUe LV aQ LUUeJXOaU RU SRRU ZaYeIRUP, WKe cKLOd Pa\ KaYe SRRU dLVWaO SeUIXVLRQ aQd WKe SXOVe R[LPeWeU Pa\ QRW be
accXUaWe³cKecN WKe cKLOd aQd LQWeUYeQe aV Qeeded. The pXlse o[imeter ma\ not be accXrate if the child deYelops
seYere shock and Zon·t be accXrate dXring cardiac arrest.

PXlse o[imetr\ indicates onl\ O2 satXration and not O2 deliYer\. For e[ample, if the child is profoXndl\ anemic
(hemoglobin is Yer\ loZ), the satXration ma\ be 100%, bXt O2 content in the blood and O2 deliYer\ ma\ be loZ.

The pXlse o[imeter does not accXratel\ recogni]e methemoglobin or carbo[\hemoglobin (hemoglobin boXnd to
carbon mono[ide). If carbo[\hemoglobin (from carbon mono[ide poisoning) is present, the pXlse o[imeter Zill reÁect
a falsel\ high O2 satXration becaXse it coXnts the carbo[\hemoglobin as fXll\ satXrated hemoglobin. If methemoglobin
concentrations are aboYe 5%, the pXlse o[imeter Zill read appro[imatel\ 85% regardless of the degree of
methemoglobinemia. If \oX sXspect either of these conditions, obtain a blood gas and send it for laborator\ anal\sis
of O2 satXration measXrement b\ co-o[imeter.

Signs of probable respirator\ failXre inclXde

CiUcXOaWiRQ

CircXlation is assessed b\ eYalXating

AdeqXate circXlation is also reÁected b\ Xrine oXtpXt and leYel of conscioXsness. Urine oXtpXt can indirectl\ indicate
kidne\ perfXsion. Normal Xrine oXtpXt reqXires adeqXate blood ÁoZ and h\dration. Normal YalXes for Xrine oXtpXt are
age dependent:

AccXratel\ measXring Xrine oXtpXt in all criticall\ ill or injXred children reqXires an indZelling catheter. Initial Xrine
oXtpXt is not a reliable indicator of the child·s clinical condition becaXse mXch of the Xrine ma\ haYe been prodXced
before the onset of s\mptoms. An increase in Xrine oXtpXt is a good indicator of positiYe responses to therap\.

Ver\ rapid or inadeqXate respirator\ rate; possible apnea
SigniÀcant, inadeqXate, or absent respirator\ effort
Absent distal air moYement
E[treme tach\cardia; brad\cardia often indicates life-threatening deterioration
LoZ o[\gen satXration (h\po[emia) despite high-ÁoZ sXpplemental o[\gen
Decreased leYel of conscioXsness
C\anosis
SeesaZ breathing
Head bobbing

Heart rate and rh\thm
PXlses (both peripheral and central)
Capillar\ reÀll time
Skin color and temperatXre
Blood pressXre

Infants and \oXng children: 1.5 to 2 mL/kg per hoXr normal Xrine oXtpXt
Older children and adolescents: 1 mL/kg per hoXr normal Xrine oXtpXt
Children Zith shock: decreased Xrine oXtpXt



For more information on assessing leYel of conscioXsness, refer to the Disabilit\ section later in this Part.

HeaUW RaWe aQd Rh\WhP

To determine heart rate, check the pXlse rate, listen to the heart, or YieZ a monitor displa\ of the ECG or pXlse
o[imeter ZaYeform. The heart rate shoXld be appropriate for the child·s age, leYel of actiYit\, and clinical condition
(Table 14). Note the Zide range of normal heart rates. For e[ample, a child Zho is sleeping or is athletic ma\ haYe a
heart rate loZer than the normal range for age.

Table 14. Normal Heart Rates*

AJH AZaNH UaWH (/PLQ) SOHHSLQJ UaWH (/PLQ)

Neonate 100-205 90-160

Infant 100-180 90-160

Toddler 98-140 80-120

Preschooler 80-120 65-100

School-age child 75-118 58-90

Adolescent 60-100 50-90

*AlZa\V cRnVideU Whe SaWienW·V nRUmal Uange and clinical cRndiWiRn. HeaUW UaWe Zill nRUmall\ incUeaVe ZiWh feYeU RU VWUeVV.
ReSURdXced fURm Ha]inVki MF. ChildUen aUe diffeUenW. In: Ha]inVki MF, ed. NXUVing CaUe of Whe CUiWicall\ Ill Child. 3Ud ed. MRVb\;
2013:1-18, cRS\UighW ElVeYieU.

Consider the folloZing Zhen eYalXating the heart rate and rh\thm in an\ serioXsl\ ill or injXred child:

Children Zith congenital heart disease ma\ haYe condXction abnormalities. Consider the child·s baseline ECG Zhen
interpreting heart rate and rh\thm. Children Zith poor cardiac fXnction are more likel\ to be s\mptomatic from cardiac
rh\thm distXrbances (arrh\thmias) than are children Zith normal cardiac fXnction.

The heart rh\thm is t\picall\ regXlar Zith onl\ small ÁXctXations in rate. When checking the heart rate, assess for
abnormalities in the monitored ECG. Arrh\thmias resXlt from abnormalities in, or insXlts to, the cardiac condXction
s\stem or heart tissXe. Arrh\thmias also can resXlt from shock or h\po[ia. In the adYanced life sXpport setting, an
arrh\thmia in a child can be broadl\ classiÀed according to the obserYed heart rate or effect on perfXsion, Zith sloZ
heart rate classiÀed as brad\cardia, fast heart rate classiÀed as tach\cardia, and absent heart rate classiÀed as
cardiac arrest.

BUad\caUdLa is a heart rate sloZer than normal for a child·s age and clinical condition. Slight brad\cardia ma\ be
normal in athletic children, bXt a Yer\ sloZ rate in a child Zith other s\mptoms is Zorrisome and ma\ indicate that
cardiac arrest is imminent. H\po[ia is the most common caXse of brad\cardia in children. If a child Zith brad\cardia
has signs of cardiopXlmonar\ compromise, immediatel\ sXpport o[\genation and Yentilation Zith a bag and mask and
administer sXpplemental O2. Start chest compressions if the heart rate remains less than 60/min Zith signs of
cardiopXlmonar\ compromise despite adeqXate o[\genation and Yentilation. If the child Zith brad\cardia is alert and
has no signs of cardiopXlmonar\ compromise, consider other caXses of a sloZ heart rate, sXch as heart block or drXg
oYerdose.

TacK\caUdLa is a resting heart rate that is faster than the normal range for a child·s age and clinical condition. SinXs
tach\cardia, a common, nonspeciÀc response to a Yariet\ of conditions, is often appropriate Zhen the child is an[ioXs,
cr\ing, febrile, or serioXsl\ ill or injXred. To determine if the tach\cardia is a sinXs tach\cardia or represents a cardiac
rh\thm distXrbance, eYalXate the child·s histor\, clinical condition, and ECG. An\ tach\cardia associated Zith signs of
circXlator\ compromise, inclXding h\potension, altered mental statXs, or signs of shock, reqXires immediate
eYalXation and interYention.

CUiWicaO CRQceSWV: Tach\caUdia CaQ Be a SigQ Rf a SeUiRXV CRQdiWiRQ
A heart rate that is greater than 180/min in an infant or toddler and greater than 160/min in a child older than 2 \ears
Zarrants fXrther assessment and ma\ be a serioXs condition.

The child·s t\pical heart rate and baseline rh\thm
The child·s leYel of actiYit\ and clinical condition
The child·s cardiac fXnction and perfXsion



For more information, refer to Part 11: Recogni]ing Arrh\thmias.

ReOaWiRQVhiS Rf BUeaWhiQg WR HeaUW Rh\WhP

In health\ children, the heart rate ma\ ÁXctXate Zith the respirator\ c\cle, increasing Zith inspiration and sloZing
doZn Zith e[piration. This condition is called VLQXV aUUK\WKPLa. Note if the child has an irregXlar rh\thm that is not
related to breathing. An irregXlar rh\thm ma\ indicate an Xnderl\ing rh\thm distXrbance, sXch as prematXre
YentricXlar or atrial contractions or an atrioYentricXlar block.

PXOVeV

EYalXating central and peripheral pXlses is critical to the assessment of s\stemic perfXsion in an ill or injXred child.
Central pXlses are ordinaril\ stronger than peripheral pXlses becaXse the\ are present in Yessels of larger si]e that
are located closer to the heart. An e[aggerated difference in qXalit\ betZeen central and peripheral pXlses occXrs
Zhen peripheral Yasoconstriction is associated Zith shock. Central pXlses inclXde femoral, brachial (in infants), carotid
(in older children), and a[illar\. Peripheral pXlses inclXde radial, dorsalis pedis, and posterior tibial. These pXlses are
easil\ palpable in health\ infants and children (Xnless the child is obese or the ambient temperatXre is cold).

CUiWicaO CRQceSWV: WeaNeQiQg Rf PXOVeV aV PeUfXViRQ DecUeaVeV
Weak central pXlses are Zorrisome and indicate the need for rapid interYention to preYent cardiac arrest. When
cardiac oXtpXt decreases in shock, s\stemic perfXsion decreases incrementall\. The decrease in perfXsion starts in
the e[tremities Zith a decrease in intensit\ of pXlses and then an absence of peripheral pXlses. As cardiac oXtpXt and
perfXsion decrease fXrther, central pXlses eYentXall\ Zeaken.

A cROd eQYLURQPeQW caQ caXVe YaVRcRQVWULcWLRQ aQd a dLVcUeSaQc\ beWZeeQ SeULSKeUaO aQd ceQWUaO SXOVeV. HRZeYeU, LI
caUdLac RXWSXW UePaLQV adeTXaWe, ceQWUaO SXOVeV VKRXOd UePaLQ VWURQJ.

Beat-to-beat ÁXctXation in pXlse YolXme ma\ occXr in children Zith arrh\thmias (eg, prematXre atrial or YentricXlar
contractions). FlXctXation in pXlse YolXme Zith the respirator\ c\cle (pXlsXs parado[Xs) can occXr in children Zith
seYere asthma or pericardial tamponade. In an intXbated child receiYing positiYe-pressXre Yentilator\ sXpport, a
redXction in pXlse YolXme Zith each positiYe-pressXre breath ma\ indicate h\poYolemia.

CaSiOOaU\ ReÀOO TiPe

Capillar\ reÀll time is the time it takes for blood to retXrn to tissXe blanched b\ pressXre. It increases as skin perfXsion
decreases. Note that normal capillar\ reÀll time is 2 seconds or less, and a prolonged capillar\ reÀll time ma\ indicate
loZ cardiac oXtpXt.

EYalXate capillar\ reÀll in a neXtral thermal enYironment (ie, room temperatXre) b\ lifting the e[tremit\ slightl\ aboYe
the leYel of the heart, pressing on the skin, and rapidl\ releasing the pressXre. Note hoZ man\ seconds it takes for
the area to retXrn to its baseline color.

Common caXses of slXggish, dela\ed, or prolonged capillar\ reÀll (a reÀll time of greater than 2 seconds) are
deh\dration, shock, and h\pothermia. Note that shock can be present despite a normal (or eYen brisk) capillar\ reÀll
time. Children Zith septic shock (refer to Part 9: Recogni]ing Shock) ma\ haYe Zarm skin and e[tremities Zith Yer\
rapid (ie, less than 2 seconds) capillar\ reÀll time (often called ÁaVK caSLOOaU\ UeÀOO) despite the presence of shock.

SNiQ CRORU aQd TePSeUaWXUe

Monitor changes in skin color, temperatXre, and capillar\ reÀll time to assess a child·s perfXsion and response to
therap\. Normal skin color and temperatXre shoXld be consistent oYer the trXnk and e[tremities. The mXcoXs
membranes, nail beds, palms of the hands, and soles of the feet shoXld be pink. When perfXsion deteriorates and O2
deliYer\ to the tissXes becomes inadeqXate, the hands and feet are t\picall\ affected Àrst and become cool, pale,
dXsk\, or mottled. If perfXsion becomes Zorse, the skin oYer the trXnk and e[tremities ma\ Xndergo similar changes.

Consider the temperatXre of the child·s sXrroXndings (ie, ambient temperatXre) Zhen eYalXating skin color and
temperatXre. If the ambient temperatXre is cool, peripheral Yasoconstriction ma\ prodXce mottling or pallor Zith cool
skin and dela\ed capillar\ reÀll, particXlarl\ in the e[tremities. These changes deYelop despite normal cardioYascXlar
fXnction.

To assess skin temperatXre, Xse the back of \oXr hand becaXse it is more sensitiYe to temperatXre changes than the
palm, Zhich has thicker skin. Slide the back of \oXr hand Xp the e[tremit\ to determine a line Zhere the skin changes



from cool to Zarm, and monitor this line of demarcation betZeen Zarm and cool skin oYer time to determine the child·s
response to therap\. The line shoXld moYe distall\ as the child improYes.

CarefXll\ monitor for the folloZing skin Àndings (Table 15), Zhich ma\ indicate inadeqXate O2 deliYer\ to the tissXes:

Table 15. Skin Findings, Location, and Causes

SNLQ FRORU LRFaWLRQ CaXVHV

Pallor (paleness; lack of
normal color)

Skin RU mXcRXV membUaneV

Mottling (irregular or patchy
discoloration)

Skin

Cyanosis (blue discoloration) Skin RU mXcRXV membUaneV

Acrocyanosis (bluish
discoloration)

HandV and feeW and aURXnd Whe
mRXWh (ie, Whe Vkin aURXnd Whe
liSV)

NRUmal in Whe neZl\ bRUn

Peripheral cyanosis (bluish
discoloration)

HandV and feeW (be\Rnd
neZbRUn SeUiRd)

Central cyanosis (blue color) LiSV and RWheU mXcRXV
membUaneV

YoX mXst interpret pallor Zithin the conte[t of other signs and s\mptoms becaXse it is not necessaril\ abnormal and
can resXlt from lack of e[posXre to sXnlight or inherited paleness. Pallor is often difÀcXlt to detect in a child Zith dark
skin and in those Zith thick skin and Yariation in the YascXlarit\ of sXbcXtaneoXs tissXe. HoZeYer, famil\ members
often can tell \oX if a child·s color is abnormal. Central pallor (ie, pale color of the lips and mXcoXs membranes)
strongl\ sXggests anemia or poor perfXsion. Pallor of the mXcoXs membranes (the lips, lining of the moXth, tongXe,
lining of the e\es) and pale palms and soles are more likel\ to be clinicall\ signiÀcant.

CUiWicaO CRQceSWV: VaUiabiOiW\ iQ ASSeaUaQce Rf CeQWUaO C\aQRViV
C\anosis is not apparent Xntil at least 5 g/dL of hemoglobin are desatXrated (not boXnd to O2). The O2 satXration at
Zhich a child Zill appear c\anotic depends on the child·s hemoglobin concentration. For e[ample, in a child Zith a
hemoglobin concentration of 16 g/dL, c\anosis Zill appear at an O2 satXration of appro[imatel\ 70% (ie, 30% of the
hemoglobin, or 5 g/dL, is desatXrated). If the hemoglobin concentration is loZ (eg, 8 g/dL), a Yer\ loZ O2 satXration
(eg, less than 40%) is reqXired to prodXce c\anosis. ThXs, c\anosis ma\ be apparent Zith a milder degree of

Pallor
Mottling
C\anosis

NRUmal Vkin cRlRU
DecUeaVed blRRd VXSSl\ WR Whe Vkin (cRld; VWUeVV; VhRck,
eVSeciall\ h\SRYRlemic and caUdiRgenic)
DecUeaVed nXmbeU Rf Ued blRRd cellV (anemia)
DecUeaVed Vkin SigmenWaWiRn
PRRU SeUfXViRn

NRUmal diVWUibXWiRn Rf Vkin melanin
InWenVe YaVRcRnVWUicWiRn fURm iUUegXlaU VXSSl\ Rf
R[\genaWed blRRd WR Whe Vkin dXe WR h\SR[emia,
h\SRYRlemia, RU VhRck

ShRck
CRngeVWiYe heaUW failXUe
PeUiSheUal YaVcXlaU diVeaVe
CRndiWiRnV caXVing YenRXV VWaViV

LRZ ambienW O2 WenViRn (eg, high alWiWXde)
AlYeRlaU h\SRYenWilaWiRn (eg, WUaXmaWic bUain injXU\, dUXg
RYeUdRVe)
DiffXViRn defecW (eg, SneXmRnia)
VenWilaWiRn/SeUfXViRn imbalance (eg, aVWhma,
bURnchiRliWiV, acXWe UeVSiUaWRU\ diVWUeVV V\ndURmeV)
InWUacaUdiac VhXnW (eg, c\anRWic cRngeniWal heaUW diVeaVe)

Areas that are mottled ma\ appear as an XneYen combination of pink, blXish gra\, or pale skin tones.
Blood satXrated Zith O2 is bright red, Zhereas Xno[\genated blood is dark blXish-red. The location of c\anosis is
important.
Acroc\anosis is a common normal neonatal Ànding in the Àrst 24 to 48 hoXrs after deliYer\.
Peripheral c\anosis can be caXsed b\ diminished O2 deliYer\ to the tissXes.
Central c\anosis is a blXe color of the lips and other mXcoXs membranes.



h\po[emia in a child Zith pol\c\themia (increased amoXnt of hemoglobin and red blood cells, eg, in c\anotic heart
disease) bXt ma\ not be apparent despite signiÀcant h\po[emia if the child is anemic.

C\anosis ma\ be more obYioXs in the mXcoXs membranes and nail beds than in the skin, particXlarl\ if the skin is
dark. It also can be seen on the soles of the feet, tip of the nose, and earlobes. Children Zith different hemoglobin
leYels Zill be c\anotic at different leYels of O2 satXration; c\anosis is more readil\ detected at higher O2 satXrations if
the hemoglobin leYel is high. The deYelopment of central c\anosis t\picall\ indicates the need for emergenc\
interYention, sXch as O2 administration and Yentilator\ sXpport.

BORRd PUeVVXUe

AccXrate blood pressXre measXrement reqXires a cXff that e[tends at least 50% to 75% of the length of the Xpper arm
(from the a[illa to the antecXbital fossa) and a cXff bladder that coYers aboXt 40% of the mid²Xpper arm
circXmference.

NRUPaO BORRG PUHVVXUHV

Table 16 sXmmari]es the normal range of s\stolic and diastolic blood pressXres according to age from 1 standard
deYiation beloZ to 1 standard deYiation aboYe the mean in the Àrst \ear of life and from the 50th to 95th percentile
(assXming the 50th percentile for height) for children 1 \ear or older. As Zith heart rates, there is a Zide range of
YalXes Zithin the normal range, and normal blood pressXres ma\ fall oXtside the ranges listed here.

Table 16. Normal Blood Pressures

AJH S\VWROLF SUHVVXUH (PP
HJ)*

DLaVWROLF SUHVVXUH (PP
HJ)*

MHaQ aUWHULaO SUHVVXUH
(PP HJ)†

Birth (12 hours, <1000 g) 39-59 16-36 28-42‡

Birth (12 hours, 3 kg) 60-76 31-45 48-57

Neonate (96 hours) 67-84 35-53 45-60

Infant (1-12 months) 72-104 37-56 50-62

Toddler (1-2 years) 86-106 42-63 49-62

Preschooler (3-5 years) 89-112 46-72 58-69

School-age child (6-9 years) 97-115 57-76 66-72

Preadolescent (10-12 years) 102-120 61-80 71-79

Adolescent (12-15 years) 110-131 64-83 73-84

*S\VWRlic and diaVWRlic blRRd SUeVVXUe UangeV aVVXme 50Wh SeUcenWile fRU heighW fRU childUen 1 \eaU and RldeU.
†Mean aUWeUial SUeVVXUeV (diaVWRlic SUeVVXUe + [diffeUence beWZeen V\VWRlic and diaVWRlic SUeVVXUe/3]) fRU 1 \eaU and RldeU, aVVXming
50Wh SeUcenWile fRU heighW.
‡ASSUR[imaWel\ eTXal WR SRVWcRnceSWiRn age in ZeekV (ma\ add 5 mm Hg).
MRdiÀed fURm Ha]inVki MF. ChildUen aUe diffeUenW. In: Ha]inVki MF, ed. NXUVing CaUe of Whe CUiWicall\ Ill Child. 3Ud ed. MRVb\; 2013:1-
18, cRS\UighW ElVeYieU. DaWa fURm Gemelli M, ManganaUR R, Mamu C, De LXca F. LRngiWXdinal VWXd\ Rf blRRd SUeVVXUe dXUing Whe 1VW
\eaU Rf life. EXU J PediaWU. 1990;149(5):318-320; VeUVmRld HT, KiWWeUman JA, PhibbV RH, GUegRU\ GA, TRRle\ WH. ARUWic blRRd
SUeVVXUe dXUing Whe ÀUVW 12 hRXUV Rf life in infanWV ZiWh biUWh ZeighW 610 WR 4,220 gUamV. PediaWUicV. 1981;67(5):607-613; HaTXe IU,
ZaUiWVk\ AL. Anal\ViV Rf Whe eYidence fRU Whe lRZeU limiW Rf V\VWRlic and mean aUWeUial SUeVVXUe in childUen. PediaWU CUiW CaUe Med.
2007;8(2):138-144; and NaWiRnal High BlRRd PUeVVXUe EdXcaWiRn PURgUam WRUking GURXS Rn High BlRRd PUeVVXUe in ChildUen and
AdRleVcenWV. The FoXUWh RepoUW on Whe DiagnoViV, EYalXaWion, and TUeaWmenW of High Blood PUeVVXUe in ChildUen and AdoleVcenWV.
NaWiRnal HeaUW, LXng, and BlRRd InVWiWXWe; 2005. NIH SXblicaWiRn 05-5267.

H\SRWHQVLRQ

H\SRWeQVLRQ is deÀned b\ the thresholds of s\stolic blood pressXre shoZn in Table 17.

Table 17. DeÀnition of Hypotension by Systolic Blood Pressure and Age

AJH S\VWROLF EORRG SUHVVXUH (PP HJ)

Term neonates (0-28 days) <60

Infants (1-12 months) <70

Children 1-10 years <70 + (age in \eaUV ð 2)
(this estimates systolic blood pressure that is less than the Àfth blood
pressure percentile for age)*



Children >10 years <90

*ThiV ÀfWh SeUcenWile iV a V\VWRlic blRRd SUeVVXUe WhaW iV lRZeU Whan all bXW 5% Rf nRUmal childUen (ie, iW Zill be h\SRWenViYe fRU 95% Rf
nRUmal childUen).

Note that these blood pressXre thresholds appro[imate jXst aboYe the Àfth percentile s\stolic blood pressXres for age,
so the\ Zill oYerlap Zith normal blood pressXre YalXes for 5% of health\ children. An obserYed decrease in s\stolic
blood pressXre of 10 mm Hg from baseline shoXld prompt serial eYalXations for additional signs of shock. In addition,
remember that these threshold YalXes Zere established in normal, resting children. Children Zith injXr\ and stress
t\picall\ haYe increased blood pressXre, and a blood pressXre in the loZ-normal range ma\ be abnormal in a
serioXsl\ ill child.

When h\potension deYelops in a child Zith shock, ph\siologic compensator\ mechanisms (eg, tach\cardia and
Yasoconstriction) haYe failed. H\potension in acXte hemorrhage ma\ be present Zith an acXte loss of 20% of the
circXlating blood YolXme, bXt it is almost alZa\s present Zhen the loss e[ceeds 30%. H\potension in septic shock can
occXr from loss of intraYascXlar YolXme and inappropriate Yasodilation or seYere Yasoconstriction and inadeqXate
cardiac oXtpXt/cardiac inde[.

The deYelopment of brad\cardia in a child Zith h\potension and poor perfXsion is an ominoXs sign. To preYent
cardiac arrest, manage airZa\ and breathing and sXpport adeqXate intraYascXlar YolXme, cardiac fXnction, and
perfXsion are needed to preYent cardiac arrest.

DiVabiOiW\

Perform the disabilit\ assessment to qXickl\ eYalXate neXrologic fXnction, Xsing one of seYeral tools to eYalXate
responsiYeness and leYel of conscioXsness. Perform this eYalXation at the end of the primar\ assessment, and repeat
it dXring the secondar\ assessment to monitor for changes in the child·s neXrologic statXs.

Clinical factors that reÁect brain perfXsion can proYide indirect eYidence of circXlator\ fXnction in the ill or injXred
pediatric patient. These signs inclXde leYel of conscioXsness and TICLS. Signs of inadeqXate O2 deliYer\ to the brain
correlate Zith the seYerit\ and dXration of cerebral h\po[ia.

SXdden and seYere cerebral h\po[ia ma\ caXse the folloZing neXrologic signs:

YoX ma\ obserYe other neXrologic signs Zhen cerebral h\po[ia deYelops gradXall\. BecaXse these signs can be
sXbtle, repeat measXrements oYer time to best detect them:

Standard eYalXations inclXde

AVPU PediaWUic ReVSRQVe ScaOe

To rapidl\ eYalXate cerebral corte[ fXnction, Xse the AVPU Pediatric Response Scale. This scale is a s\stem for rating
a child·s leYel of conscioXsness, an indicator of cerebral corte[ fXnction. The scale consists of 4 ratings:

Decreased leYel of conscioXsness
Loss of mXscXlar tone
Generali]ed sei]Xres
PXpil dilation

Decreased leYel of conscioXsness Zith or ZithoXt confXsion
Irritabilit\
Letharg\
Agitation alternating Zith letharg\

AVPU (Alert, ResponsiYe to Voice, ResponsiYe to Pain, UnresponsiYe) Pediatric Response Scale
GlasgoZ Coma Scale (GCS)
PXpil response to light
Blood glXcose test



Decreased leYel of conscioXsness in children can be caXsed b\

AOWeUed PeQWaO VWaWXV refers to the range of mental states from agitation to coma. For a pediatric patient Zith altered
mental statXs, consider h\pogl\cemia and eYalXate blood glXcose as soon as possible.

If an ill or injXred child has decreased responsiYeness, immediatel\ assess o[\genation, Yentilation, perfXsion, and
blood glXcose.

GOaVgRZ CRPa ScaOe OYeUYieZ

The GCS is the most Zidel\ Xsed method of eYalXating a child·s leYel of conscioXsness and neXrologic statXs. The
beVW e\e opening (E), Yerbal (V), and motor (M) responses are indiYidXall\ scored (Table 18) and then added together
to prodXce the GCS score.

Table 18. Glasgow Coma Scale

E\H RSHQLQJ BHVW PRWRU UHVSRQVH BHVW YHUEaO UHVSRQVH

4 SSRnWaneRXV 6 Obe\V cRmmandV 5 OUienWed

3 TR VSeech 5 LRcali]eV Sain 4 CRnfXVed

2 TR Sain 4 WiWhdUaZV fURm Sain 3 InaSSURSUiaWe ZRUdV

1 NR UeVSRnVe 3 AbnRUmal Áe[iRn 2 IncRmSUehenVible ZRUdV

2 AbnRUmal e[WenViRn 1 NR UeVSRnVe

1 NR UeVSRnVe

TeaVdale G, JenneWW B. AVVeVVmenW Rf cRma and imSaiUed cRnVciRXVneVV: a SUacWical Vcale. LanceW. 1974;2(7872):81-84.

For e[ample, a person Zho has spontaneoXs e\e opening (E=4), is fXll\ oriented (V=5), and is able to folloZ
commands (M=6) is assigned a GCS score of 15, the highest possible score. A person Zith no e\e opening (E=1), no
Yerbal response (V=1), and no motor response (M=1) to a painfXl stimXlXs is assigned a GCS score of 3, the loZest
possible score.

SeYerit\ of head injXr\ is categori]ed into 3 leYels based on GCS score after initial resXscitation:

GOaVJRZ CRPa SFaOH SFRULQJ

The GCS has been modiÀed for preYerbal or nonYerbal children (Table 19). While scores for e\e opening are
essentiall\ the same as in the standard GCS, the best motor and Yerbal response scores Zere adapted to
accommodate age-appropriate responses.

IPSRUWaQW: When Xsing the GCS or its pediatric modiÀcation, record the indiYidXal components of the score. If the
patient is intXbated, XnconscioXs, or preYerbal, the most important part of this scale is motor response. ProYiders

AOeUW: The child is aZake, actiYe, and appropriatel\ responsiYe to caregiYers and e[ternal stimXli. Assess
´appropriate responseµ in terms of the anticipated response based on the child·s age and/or deYelopmental leYel
and the setting or sitXation.
VRLce: The child responds onl\ to Yoice (eg, calling the child·s name or speaking loXdl\).
PaLQIXO: The child responds onl\ to a painfXl stimXlXs, sXch as a sternal rXb or pinching the trape]iXs.
UQUeVSRQVLYe: The child does not respond to an\ stimXlXs.

Poor cerebral perfXsion
SeYere shock
TraXmatic brain injXr\
Sei]Xre actiYit\
Encephalitis, meningitis
H\pogl\cemia
DrXgs
H\po[emia
H\percarbia

Mild head injXr\: GCS score 13 to 15
Moderate head injXr\: GCS score 9 to 12
SeYere head injXr\: GCS score 3 to 8



shoXld carefXll\ eYalXate this component.

Table 19. Pediatric Glasgow Coma Scale*

SFRUH CKLOG IQIaQW

Eye opening

4 SSRnWaneRXVl\ SSRnWaneRXVl\

3 TR YeUbal cRmmand TR VhRXW, VSeech

2 TR Sain TR Sain

1 NR UeVSRnVe NR UeVSRnVe

Best motor response

6 Obe\V cRmmandV SSRnWaneRXV mRYemenWV

5 LRcali]eV Sain WiWhdUaZV WR WRXch

4 Fle[iRn-aSSURSUiaWe ZiWhdUaZ Fle[iRn-aSSURSUiaWe ZiWhdUaZ

3 Fle[iRn-abnRUmal (decRUWicaWe UigidiW\) Fle[iRn-abnRUmal (decRUWicaWe UigidiW\)

2 E[WenViRn (deceUebUaWe UigidiW\) E[WenViRn (deceUebUaWe UigidiW\)

1 NR UeVSRnVe NR UeVSRnVe

Best verbal response

5 OUienWed and cRnYeUVeV SmileV, cRRV, and babbleV

4 DiVRUienWed, cRnfXVed CUieV bXW iV cRnVRlable

3 InaSSURSUiaWe ZRUdV PeUViVWenW, inaSSURSUiaWe cU\ing and/RU
VcUeaming

2 IncRmSUehenVible VRXndV MRanV, gUXnWV WR Sain

1 NR UeVSRnVe NR UeVSRnVe

Total = 3 to 15

*ScRUe iV Whe VXm Rf Whe indiYidXal VcRUeV fURm e\e RSening, beVW mRWRU UeVSRnVe, and beVW YeUbal UeVSRnVe, XVing age-VSeciÀc
cUiWeUia. GCS VcRUe Rf 13 WR 15 indicaWeV mild head injXU\; GCS VcRUe Rf 9 WR 12 indicaWeV mRdeUaWe head injXU\; and GCS VcRUe Rf �8
indicaWeV VeYeUe head injXU\.
MRdiÀed fURm JameV HE, TUaXneU DA. The GlaVgRZ CRma ScRUe and MRdiÀed CRma ScRUe fRU InfanWV. In: JameV HE, AnaV NG,
PeUkin RM, edV. BUain InVXlWV in InfanWV and ChildUen: PaWhoph\Violog\ and ManagemenW. GUXne & SWUaWWRn Inc; 1985:179-182,
cRS\UighW ElVeYieU.

The best disabilit\ scale for an indiYidXal child ma\ be site speciÀc. For e[ample, the AVPU scale ma\ be appropriate
in the prehospital setting, Zhereas the GCS (particXlarl\ the motor component) or pediatric GCS ma\ be better in the
emergenc\ department and hospital. The differences betZeen the AVPU scale and GCS or pediatric GCS do not
appear signiÀcant Zhen associated Zith neXrologic oXtcome. Each component of the AVPU scale generall\ correlates
Zith the GCS scores shoZn in Table 20.

Table 20. AVPU Scale and Glasgow Coma Scale Equivalents

RHVSRQVH GCS VFRUH

Alert 15

Verbal 13

Painful stimulation 8

Unresponsive to noxious stimulation 6

PXSiO ReVSRQVe WR LighW

Healthcare proYiders also shoXld assess and record the pXpillar\ si]e and response to light for each e\e in an\
patient Zith altered leYel of conscioXsness. PXpil response to light is a XsefXl indicator of brainstem fXnction. Normall\,
pXpils constrict in response to light and dilate in a dark enYironment, so if the pXpils don·t constrict in response to
direct light (eg, Áashlight directed at the e\es), sXspect a brainstem injXr\. The pXpils are t\picall\ eqXal in si]e,
althoXgh slight Yariations are normal. IrregXlarities in pXpil si]e or response to light ma\ occXr as a resXlt of ocXlar



traXma or other conditions, sXch as increased intracranial pressXre. Refer to Table 21 for e[amples of abnormal pXpil
responses and their possible caXses.

Table 21. Abnormal Pupil Responses and Possible Causes

AEQRUPaO SXSLO UHVSRQVH PRVVLEOH FaXVH

PinSRinW SXSilV

DilaWed SXSilV

UnilaWeUall\ dilaWed SXSilV

UnilaWeUall\ dilaWed SXSilV ZiWh alWeUed
menWal VWaWXV

DXring the disabilit\ assessment, assess and record the folloZing for each e\e:

The acron\m PERRL (PXpils EqXal, RoXnd, ReactiYe to Light) describes the normal pXpil responses to light.

BORRd GOXcRVe TeVW

H\SRJO\cePLa refers to blood glXcose 40 mg/dL or less in the neZl\ born and 60 mg/dL or less in a child. It ma\ resXlt
in brain injXr\ if not recogni]ed and effectiYel\ treated. Base treatment decisions on patient s\mptoms, and potentiall\
inclXde oral glXcose. Monitor the blood glXcose concentration of an\ serioXsl\ ill infant or child. A loZ blood glXcose
concentration ma\ caXse altered leYel of conscioXsness or eYen brain injXr\ if it is not qXickl\ identiÀed and
adeqXatel\ treated. MeasXre the blood glXcose concentration Zith a point-of-care glXcose test.

FRU PRUe LQIRUPaWLRQ abRXW WKe UecRJQL]LQJ aQd WUeaWLQJ K\SRJO\cePLa, UeIeU WR WKe GOXcRVe VecWLRQ LQ PaUW 10.

E[SRVXUe

E[SRVXUe, or Xndressing the serioXsl\ ill or injXred child to perform a focXsed ph\sical e[amination, is the Ànal
component of the primar\ assessment. RemoYe clothing one area at a time to carefXll\ obserYe the child·s face and
head, trXnk (front and back), e[tremities, and skin. Maintain cerYical spine precaXtions Zhen tXrning an\ child Zith a
sXspected neck or spine injXr\. If necessar\, Xse blankets to keep the child comfortable and Zarm and, if aYailable,
heating lamps to preYent cold stress or h\pothermia. Assess core temperatXre, noting an\ difference in Zarmth
betZeen trXnk and e[tremities. Identif\ the presence of feYer, Zhich ma\ indicate infection and earl\ need for
antibiotics (eg, sepsis).

DXring this part of the e[amination, look for eYidence of traXma, sXch as bleeding, bXrns, or XnXsXal markings that
sXggest nonaccidental traXma. SXch signs inclXde brXises in different stages of healing, injXries that don·t correlate
Zith the child·s histor\, and dela\ from time of injXr\ Xntil the child receiYes medical attention.

NaUcRWic ingeVWiRn (eg, RSiRid)

PUedRminanW V\mSaWheWic aXWRnRmic acWiYiW\
S\mSaWhRmimeWic ingeVWiRn (eg, cRcaine)
AnWichRlineUgic ingeVWiRn (eg, lRcal RU V\VWemic aWURSine)
IncUeaVed inWUacUanial SUeVVXUe

InadYeUWenW WRSical abVRUSWiRn Rf a bUeaWhing WUeaWmenW (eg, iSUaWURSiXm)
DilaWing e\e dURSV

ISVilaWeUal (Vame Vide) Xncal heUniaWiRn (laWeUal heUniaWiRn Rf Whe WemSRUal lRbe,
caXVed b\ incUeaVed inWUacUanial SUeVVXUe)

Si]e of pXpils (in millimeters)
EqXalit\ of pXpil si]e
Constriction of pXpils to light (ie, the magnitXde and rapidit\ of the response to light)



Look for the presence and progression of petechiae and pXrpXra (nonblanching pXrple discolorations in the skin
caXsed b\ bleeding from capillaries and small Yessels). Petechiae appear as tin\ red dots and sXggest a loZ platelet
coXnt, Zhereas pXrpXra appears as larger areas. Both petechiae and pXrpXra ma\ signif\ septic shock. Also look for
other rashes that ma\ sXggest shock (eg, hiYes in anaph\lactic shock).

Look for signs of injXr\ to the e[tremities, inclXding deformities or brXising. Palpate the e[tremities and note the child·s
response. If tender, sXspect injXr\; if necessar\, immobili]e the e[tremit\.

Secondary Assessment

Secondar\ assessment consists of a focXsed histor\ and detailed ph\sical e[amination Zith ongoing reassessment of
ph\siologic statXs and response to treatment.

H·V aQd T·V

The most common caXses of cardiac arrest are presented as H·s and T·s:

FRcXVed HiVWRU\

Obtain a focXsed histor\ to gather information aboXt the patient and the incident, particXlarl\ information that might
help e[plain impaired respirator\ or cardioYascXlar fXnction. YoX can Xse the SAMPLE mnemonic, a s\stematic
method for gathering information on a sick child, as a memor\ aid for obtaining a focXsed histor\. Obtain an accXrate
timeline for all signs, s\mptoms, and eYents leading Xp to the cXrrent presentation. Gather the folloZing information
for each categor\:

H\poYolemia
H\po[ia
H\drogen ion (acidosis)
H\pogl\cemia
H\po-/h\perkalemia
H\pothermia
Tension pneXmothora[
Tamponade (cardiac)
To[ins
Thrombosis (pXlmonar\)
Thrombosis (coronar\)

Signs and s\mptoms at onset of illness, sXch as

Allergies

Medications

Past medical histor\

² Breathing difÀcXlt\ (eg, coXgh, rapid breathing, increased respirator\ effort, breathlessness, abnormal
breathing pattern, chest pain on deep inhalation), Zhee]ing

² Tach\pnea
² Tach\cardia
² Diaphoresis
² Decreased leYel of conscioXsness, fatigXe
² Agitation, an[iet\
² FeYer, headache
² Decreased oral intake
² Diarrhea, Yomiting, abdominal pain
² Bleeding
² DXration of s\mptoms

² Medications, foods, late[, etc
² Associated reactions

² Patient medications (eg, oYer-the-coXnter, Yitamins, inhalers, herbal sXpplements), medications that can be
foXnd in the child·s enYironment

² Last dose and time of recent medications



Treatment dXring interYal from onset of disease or injXr\ Xntil eYalXation, estimated time of onset (if oXt-of-hospital
onset)

FRcXVed Ph\VicaO E[aPiQaWiRQ

Ne[t, perform a focXsed ph\sical e[amination based on the seYerit\ of the child·s illness or injXr\. CarefXll\ assess
the primar\ area of concern of the illness or injXr\ (ie, respirator\ assessment Zith respirator\ distress) and perform a
brief head-to-toe eYalXation. Some e[amples of areas to assess for certain illnesses inclXde

OQgRiQg ReaVVeVVPeQW

Ongoing reassessment of all patients is essential to eYalXate the response to treatment and to track the progression
of identiÀed ph\siologic and anatomic problems. Appl\ this reassessment in real time as needed based on the child·s
clinical condition throXgh all phases of assessment. Do not limit it to the last part of the assessment seqXence. YoX
ma\ also identif\ neZ problems on reassessment. Data from the reassessment Zill gXide ongoing treatment. The
elements of ongoing reassessment inYolYe continXoXs application of the initial, primar\, and secondar\ assessments
to determine the effectiYeness of interYentions.

Diagnostic Assessments

Diagnostic assessments help detect and identif\ the presence and seYerit\ of respirator\ and circXlator\ problems.
YoX ma\ Xse some of these assessments (sXch as rapid bedside glXcose or point-of-care laborator\ testing) earl\ in
\oXr eYalXation. The clinical sitXation dictates the timing of the folloZing diagnostic assessments:

Last meal

EYents

² Health histor\ (eg, prematXre birth, preYioXs illnesses, hospitali]ations)
² SigniÀcant Xnderl\ing medical problems (eg, asthma, chronic lXng disease, congenital heart disease,

arrh\thmia, congenital airZa\ abnormalit\, sei]Xres, head injXr\, brain tXmor, diabetes, h\drocephalXs,
neXromXscXlar disease)

² Past sXrgeries
² ImmXni]ation statXs

² Time and natXre of last intake of liqXid or food (inclXding breast or bottle feeding in infants)
² Elapsed time betZeen last meal and presentation of cXrrent illness can affect treatment and management of

the condition (eg, possible anesthesia, possible intXbation)

² EYents leading to cXrrent illness or injXr\ (eg, onset sXdden or gradXal, t\pe of injXr\)
² Ha]ards at scene

The nose/moXth (signs of obstrXction, nasal congestion, stridor, mXcosal edema), chest/lXngs, heart (tach\cardia,
gallop, or mXrmXr), and leYel of conscioXsness (somnolence secondar\ to h\percarbia, an[iet\ secondar\ to
h\po[ia) for respirator\ distress
The heart (gallop or mXrmXr), lXngs (crackles, difÀcXlt\ breathing, intolerance of sXpine position), abdomen
(eYidence of hepatomegal\ consistent Zith right heart failXre), and e[tremities (peripheral edema) for sXspected
heart failXre or arrh\thmias
The abdomen and back for traXma

Arterial blood gas (ABG)
VenoXs blood gas (VBG)
Capillar\ blood gas
Hemoglobin concentration
Central YenoXs O2 satXration
Arterial lactate
Central YenoXs pressXre monitoring
InYasiYe arterial pressXre monitoring
Chest [-ra\
ECG
Echocardiogram
Point-of-care XltrasoXnd sonograph\



AUWeUiaO BORRd GaV

An ABG anal\sis measXres the partial pressXre of arterial O2 (PaO2) and CO2 (PaCO2) dissolYed in the blood plasma
(ie, the liqXid component of blood). An additional tool to assess the adeqXac\ of arterial o[\genation is the pXlse
o[imeter, a deYice that estimates hemoglobin satXration Zith O2. It ma\ also be calcXlated from the PaO2 and pH (b\
Xsing an o[\hemoglobin dissociation cXrYe) or directl\ measXred b\ Xsing a co-o[imeter. Obtain co-o[imeter
measXrement if there is Xncertaint\ aboXt the calcXlated O2 satXration and to rXle oXt the presence of carbon
mono[ide into[ication or methemoglobinemia.

CUiWicaO CRQceSWV: NRUPaO PaO2 DReV NRW CRQÀUP AdeTXaWe BORRd O2 CRQWeQW
PaO2 reÁects onl\ the O2 dissolYed in the arterial blood plasma. If the child·s hemoglobin is onl\ 3 g/dL, the PaO2 ma\
be normal or high, bXt O2 deliYer\ to the tissXes Zill be inadeqXate. BecaXse most O2 is carried b\ hemoglobin in the
red blood cells rather than the plasma, a hemoglobin of 3 g/dL is inadeqXate to carr\ sXfÀcient O2. In this case, the
pXlse o[imeter ma\ reÁect 100% satXration despite inadeqXate O2 content and deliYer\.

Identif\ respirator\ failXre on the basis of inadeqXate o[\genation (h\po[emia) or inadeqXate Yentilation
(h\percarbia). Use an ABG anal\sis to conÀrm \oXr clinical impression and eYalXate the child·s response to therap\.
An ABG anal\sis, hoZeYer, is not reqXired to initiate therap\ or to make the diagnosis of respirator\ failXre. The
folloZing list Zill help \oX interpret an ABG:

CUiWicaO CRQceSWV: ABG aQd TUeaWPeQW DeciViRQV iQ SeUiRXVO\ IOO RU IQMXUed ChiOdUeQ
Don·t Zait for an ABG so \oX can start treatment or determine therap\. Limitations of ABG anal\sis in pediatric critical
care inclXde the folloZing:

To interpret ABG resXlts, consider the child·s clinical appearance and condition. For e[ample, an infant Zith
bronchopXlmonar\ d\splasia (a form of chronic lXng disease) is likel\ to haYe chronic h\po[emia and h\percarbia.
Diagnosing acXte respirator\ failXre in this infant reqXires clinical e[amination and eYalXating the arterial pH. The
infant Zill compensate for chronic h\percarbia b\ renal retention of bicarbonate, and, as a resXlt, the child·s arterial
pH is likel\ to be normal or nearl\ normal at baseline. Deterioration Zill be apparent if the child·s respirator\ statXs (ie,
h\percarbia) is signiÀcantl\ Zorse than the baseline statXs and acidosis deYelops.

H\SeUR[La is an increased arterial o[\gen satXration detected b\ directl\ measXring o[\gen satXration in an ABG
sample. This has been associated Zith Zorse oXtcomes, sXch as after ROSC, in the neZl\ born and in patients Zith
some forms of c\anotic heart disease. BecaXse of the Xncertaint\ of measXring h\pero[ia ZithoXt ABGs,
administering o[\gen to achieYe a displa\ed pXlse o[imetr\ of 100% is not recommended in these conditions.

The arterial pH and bicarbonate (HCO3) concentrations obtained Zith ABG anal\sis ma\ be XsefXl in diagnosing acid-
base imbalances. Note that ABG YalXes do not reliabl\ reÁect O2, CO2, or acid-base statXs in the tissXes. HoZeYer, it
is XsefXl to monitor these YalXes oYer time as an inde[ of improYing or Zorsening tissXe o[\genation, as reÁected b\
an increasing base deÀcit (accXmXlation of acid in the blood).

VeQRXV BORRd GaV

A YenoXs blood pH, measXred b\ VBG anal\sis, t\picall\ correlates Zell Zith the pH on ABG anal\sis. A VBG
anal\sis is not as XsefXl for monitoring ABG statXs (PaO2 and PaCO2) in acXtel\ ill children. If the child is Zell

Peak e[pirator\ ÁoZ rate (PEFR)

H\po[emia: loZ PaO2
H\percarbia: High PaCO2
Acidosis: pH less than 7.35
Alkalosis: pH greater than 7.45

An ABG anal\sis ma\ not be aYailable (eg, dXring transport); do not dela\ therap\ initiation.
A single ABG anal\sis proYides onl\ information at the time the sample Zas obtained. It does not proYide
information aboXt trends in the child·s condition. Monitoring clinical response to therap\ b\ Xsing serial ABG
anal\ses is often more YalXable than an\ single ABG anal\sis.



perfXsed, the YenoXs PCO2 is XsXall\ Zithin 4 to 6 mm Hg of the arterial PCO2. If the child is poorl\ perfXsed, hoZeYer,
the gradient betZeen arterial and YenoXs PCO2 increases. In general, YenoXs PO2 is not XsefXl in assessing arterial
o[\genation.

When interpreting a VBG, also consider the soXrce of the YenoXs specimen. A peripheral specimen that is free
ÁoZing from a Zell-perfXsed e[tremit\ ma\ giYe resXlts similar to the ABG, bXt if a toXrniqXet is Xsed and the
specimen is from a poorl\ perfXsed e[tremit\, it often shoZs a mXch higher PCO2 and loZer pH than an arterial
specimen. For this reason, a central YenoXs specimen, if aYailable, is preferred to a peripheral YenoXs specimen. A
VBG ma\ be Xsed if an arterial sample is XnaYailable. There is generall\ adeqXate correlation Zith ABG samples to
make YenoXs pH XsefXl in detecting acid-base imbalance.

CaSiOOaU\ BORRd GaV

If arterial collection is not practical, CBG anal\sis can be Xsed. Arteriali]ation of the capillar\ bed \ields pH and PaCO2
comparable to arterial blood. A CBG anal\sis is not as XsefXl for estimating arterial o[\genation (PaO2).

HePRgORbiQ CRQceQWUaWiRQ

Hemoglobin concentration determines the O2-carr\ing capacit\ of the blood. O2 content is the total amoXnt of O2
boXnd to hemoglobin plXs the XnboXnd (dissolYed) O2 in arterial blood and is determined chieÁ\ b\ the hemoglobin
concentration (in grams per deciliter) and its satXration Zith O2 (SaO2). The amoXnt of O2 dissolYed in the blood is
determined b\ the partial pressXre of arterial O2 (PaO2), also referred to as the aUWeULaO R[\JeQ WeQVLRQ, and represents
a Yer\ small part of total O2 content at normal hemoglobin concentrations. For more information on the determining
the arterial o[\gen content, refer to Impaired O[\genation and Ventilation in Respirator\ Problems in Part 7.

CeQWUaO VeQRXV O[\geQ SaWXUaWiRQ

VBGs ma\ indicate changes in the balance betZeen O2 deliYer\ to the tissXes and tissXe O2 consXmption. Trends in
YenoXs O2 satXration (SYO2) ma\ be Xsed as a sXrrogate for monitoring trends in O2 deliYer\ (ie, the prodXct of
cardiac oXtpXt and arterial O2 content). SXch trending assXmes that O2 consXmption remains stable (an assXmption
that is not alZa\s correct, so remain diligent).

Normal SYO2 is aboXt 70% to 75%, assXming arterial O2 satXration is 100%. If the arterial O2 satXration is not normal,
the SYO2 shoXld be aboXt 25% to 30% beloZ the arterial O2 satXration. For e[ample, if the child has c\anotic heart
disease and the arterial O2 satXration is 80%, the SYO2 shoXld be aboXt 55%.

When O2 deliYer\ to the tissXes is loZ, the tissXes consXme proportionatel\ more O2, so the difference betZeen
arterial O2 satXration and SYO2 is more sXbstantial Zhen shock is present. For more information aboXt SYO2, refer to
Part 10: Managing Shock.

AUWeUiaO LacWaWe

The arterial concentration of lactate reÁects the balance betZeen lactate prodXction and metabolism or breakdoZn. In
a serioXsl\ ill or injXred child, the arterial lactate can rise as a resXlt of increased prodXction of lactate (metabolic
acidosis) associated Zith tissXe h\po[ia and resXltant anaerobic metabolism. Arterial lactate is eas\ to measXre, and
it·s a good prognostic indicator that \oX can folloZ seqXentiall\ to assess the child·s response to therap\. HoZeYer,
arterial lactate can be inaccXrate if not draZn Zith a free-ÁoZing sample or if testing is dela\ed.

An eleYated lactate concentration does not alZa\s represent tissXe ischemia, especiall\ ZithoXt accompan\ing
metabolic acidosis. For e[ample, lactate concentration also can be eleYated in conditions associated Zith increased
glXcose prodXction, sXch as stress h\pergl\cemia. In general, it is more helpfXl to monitor trends in lactate
concentration oYer time than an\ single measXrement. If treatment of shock is effectiYe, the lactate concentration
shoXld decrease, bXt the trend in concentration oYer time is more predictiYe than the initial concentration. Lack of
response to therap\ (ie, the lactate concentration does not decrease) is more predictiYe of poor oXtcome than the
initial eleYated lactate concentration. Monitor central YenoXs lactate concentration if arterial blood samples are not
readil\ aYailable.

IQYaViYe AUWeUiaO PUeVVXUe MRQiWRUiQg

InYasiYe arterial pressXre monitoring enables \oX to continXall\ eYalXate and YieZ the s\stolic and diastolic blood
pressXres. The arterial ZaYeform pattern ma\ proYide information aboXt s\stemic YascXlar resistance and
compromised cardiac oXtpXt (eg, SXOVXV SaUadR[XV, an e[aggerated decrease in the s\stolic blood pressXre dXring
inspiration). This t\pe of monitoring reqXires an arterial catheter, monitoring (noncompliant) tXbing, a transdXcer, and
a monitoring s\stem. AccXrate measXrements reqXire \oX to appropriatel\ ]ero, leYel, and calibrate the transdXcer.



NeaU-IQfUaUed SSecWURVcRS\

NeaU-LQIUaUed VSecWURVcRS\ is a noninYasiYe optical techniqXe to monitor tissXe o[\genation in the brain and other
tissXes. The monitors measXre the concentrations of o[\hemoglobin and desatXrated hemoglobin to determine
cerebral o[\gen satXration, Zhich \oX can folloZ to assess central YenoXs o[\genation trends. With the cerebral
o[imeter electrode on the forehead beloZ the hairline, its 2 light-emitting diodes and receiYers detect light from
shalloZ and deep tissXe, and a compXter anal\]es the data to proYide continXoXs measXrements. Near-infrared
spectroscop\ monitoring has Zide interpatient Yariabilit\ bXt is Xsed to trend cerebral and other tissXe o[\genation in
the critical care settings.

CheVW X-Ra\

A chest [-ra\ is XsefXl in respirator\ illness to aid in diagnosing the folloZing conditions:

A chest [-ra\ Zill shoZ the depth of ET tXbe placement, bXt it Zill QRW help determine tracheal Ys esophageal
placement.

Use the chest [-ra\ and clinical assessment to eYalXate circXlator\ abnormalities. The chest [-ra\ ma\ be helpfXl to
assess heart si]e and presence or absence of congestiYe heart failXre (pXlmonar\ edema).

EOecWURcaUdiRgUaP

Obtain a 12-lead ECG to assess for cardiac arrh\thmias. For more information, refer to Part 12: Managing
Arrh\thmias.

EchRcaUdiRgUaP

Echocardiograph\ is a YalXable noninYasiYe tool for determining

It can be XsefXl in diagnosing and eYalXating cardiac disease. Technical e[pertise in performing and interpreting the
echocardiogram is essential.

AirZa\ obstrXction (Xpper airZa\ or loZer airZa\)
LXng tissXe disease
BarotraXma (pneXmothora[, pneXmomediastinXm)
PleXral disease (pleXral effXsion/pneXmothora[)

A small heart is often present Zith redXced cardiac preload or seYere lXng h\perinÁation.
A large heart ma\ be associated Zith normal or increased cardiac preload, pericardial effXsion, congestiYe heart
failXre, or Zhen the patient is Xnable to take a deep breath (eg, Zith seYere abdominal distension).
An [-ra\ taken from the front (anteroposterior YieZ) of the heart Zill appear larger as compared Zith the heart si]e
Zhen taken from a posterior-anterior YieZ.

Cardiac chamber si]e
VentricXlar Zall thickness
VentricXlar Zall motion (contractilit\)
ValYe conÀgXration and motion
Pericardial space
Estimated YentricXlar pressXres
InterYentricXlar septal position
Congenital anomalies



PaUW 5: Recogni]ing and Managing CaUdiac AUUeVW

This secWion discXsses hoZ Wo recogni]e and prompWl\ inWerYene in life-WhreaWening emergencies and cardiac arresW in
infanWs and children. IW coYers reYersible caXses, WreaWmenWs, and Whe PediaWric Cardiac ArresW AlgoriWhm.

Learning Objective

AfWer compleWing Whis ParW, \oX shoXld be able Wo recogni]e cardiopXlmonar\ arresW immediaWel\ and begin CPR ZiWhin
10 seconds.

DXring Whe coXrse, \oX Zill pracWice and be WesWed on CPR skills. YoXr performance Zill also be WesWed in 2 case
scenarios.

Rapidl\ Intervene to Prevent Cardiac Arrest

If noW appropriaWel\ WreaWed, children ZiWh respiraWor\ failXre and shock can qXickl\ deYelop cardiopXlmonar\ failXre
and eYen cardiac arresW (FigXre 16). In infanWs and children, mosW cardiac arresWs resXlW from progressiYe respiraWor\
failXre, shock, or boWh. Less commonl\, pediaWric cardiac arresWs can occXr ZiWhoXW Zarning (ie, ZiWh sXdden collapse)
secondar\ Wo an arrh\Whmia (YenWricXlar ÀbrillaWion [VF] or YenWricXlar Wach\cardia [VT]).

FLJXUH 16. PDWKZD\V WR
SHGLDWULF FDUGLDF DUUHVW.

Once cardiac arresW occXrs, eYen ZiWh opWimal resXsciWaWion efforWs, Whe oXWcome is generall\ poor. Onl\ aboXW 8% of
children Zho e[perience cardiac arresW oXWside Whe hospiWal sXrYiYe Wo hospiWal discharge. The oXWcome is beWWer for
children Zho e[perience cardiac arresW in Whe hospiWal, alWhoXgh onl\ aboXW 43% of Whose children sXrYiYe Wo hospiWal
discharge. The concepWs in Whis coXrse Zill help \oX idenWif\ signs of respiraWor\ failXre and shock and rapidl\
inWerYene Wo preYenW progression Wo cardiac arresW.

RespiraWor\ condiWions ma\ progress Wo respiraWor\ failXre ZiWh or ZiWhoXW signs of respiraWor\ disWress Zhen Whe child
fails Wo mainWain an open airZa\ or adeqXaWe respiraWor\ efforW, W\picall\ becaXse of a decreased leYel of
conscioXsness. SXdden cardiac arresW in children is less common Whan in adXlWs and W\picall\ resXlWs from arrh\Whmias
sXch as VF or VT. DXring sporWs acWiYiWies, sXdden cardiac arresW can occXr in children ZiWh Xnderl\ing cardiac
condiWions WhaW ma\ or ma\ noW haYe been preYioXsl\ recogni]ed.

Life-Threatening Problems

Signs of a life-WhreaWening condiWion inclXde

AirZa\: compleWe or seYere airZa\ obsWrXcWion
BreaWhing: apnea, signiÀcanW increased Zork of breaWhing, brad\pnea
CircXlaWion: Zeak or absenW pXlses, poor perfXsion, h\poWension, brad\cardia



InterYentions

AcWiYaWe Whe emergenc\ response s\sWem as indicaWed in \oXr pracWice seWWing and begin lifesaYing inWerYenWions in Whe
folloZing circXmsWances:

If Whe child does noW haYe a life-WhreaWening condiWion, begin Whe secondar\ assessmenW and diagnosWic assessmenWs.

Cardiac Arrest in Infants and Children

In conWrasW Wo adXlW cardiac arresW, cardiac arresW in infanWs and children XsXall\ resXlWs from progressiYe respiraWor\
failXre or shock raWher Whan a primar\ cardiac caXse (ie, sXdden cardiac arresW). This h\So[ic/aVSh\[ial aUUeVW occXrs
mosW ofWen in infanWs and \oXng children, especiall\ Whose ZiWh Xnderl\ing disease.

IW is imporWanW Wo idenWif\ and WreaW respiraWor\ disWress, respiraWor\ failXre, and shock before progression Wo
cardiopXlmonar\ failXre and cardiac arresW. Earl\ idenWiÀcaWion and WreaWmenW are crXcial Wo saYing Whe liYes of
serioXsl\ ill or injXred children.

SXdden cardiac arresW from YenWricXlar arrh\Whmia occXrs in aboXW 5% Wo 15% of all pediaWric in-hospiWal cardiac
arresWs (IHCAs) and oXW-of-hospiWal cardiac arresWs (OHCAs). AlWhoXgh a shockable rh\Whm (ie, VF or pXlseless
YenWricXlar Wach\cardia [pVT]) is Whe presenWing rh\Whm in onl\ aboXW 14% of pediaWric in-hospiWal arresWs, iW is presenW
in Xp Wo 27% of sXch arresWs aW some poinW dXring Whe resXsciWaWion. The incidence of cardiac arresW from VF/pVT
increases ZiWh age and shoXld be sXspecWed in an\ paWienW ZiWh a sXdden collapse. Increasing eYidence sXggesWs WhaW
sXdden Xne[pecWed deaWh in \oXng people is ofWen associaWed ZiWh Xnderl\ing cardiac condiWions.

DespiWe Whe improYed oXWcome of in-hospiWal CPR, mosW children ZiWh IHCA, and an eYen larger percenWage of
children ZiWh OHCA, do noW sXrYiYe or sXrYiYe ZiWh signiÀcanW neXrologic impairmenW. BecaXse oXWcome from cardiac
arresW is so poor, focXs on preYenWing cardiac arresW WhroXgh

SurYiYal Rates From Pediatric Cardiac Arrest

InformaWion from GeW WiWh The GXidelines®-ResXsciWaWion shoZs WhaW sXrYiYal raWes from pediaWric cardiac arresW Yar\
according Wo Whe locaWion of Whe arresW and Whe presenWing rh\Whm. RaWe of sXrYiYal Wo hospiWal discharge is higher if Whe
arresW occXrs in-hospiWal (43%) compared ZiWh oXW-of-hospiWal (8%). InWacW neXrologic sXrYiYal is also mXch higher if
Whe arresW occXrs in-hospiWal. In addiWion, sXrYiYal is higher (aboXW 25% Wo 34%) Zhen Whe presenWing rh\Whm is
shockable (VF or pVT) compared ZiWh as\sWole (aboXW 7% Wo 24%). SXrYiYal for a presenWing rh\Whm of pXlseless
elecWrical acWiYiW\ (PEA) is aboXW 38% for in-hospiWal arresW. ConYersel\, Zhen VF/pVT deYelops as a secondar\ rh\Whm
dXring a resXsciWaWion aWWempW (ie, noW as Whe iniWial arresW rh\Whm) in hospiWali]ed children, sXrYiYal is loZer Whan WhaW
obserYed in cardiac arresWs ZiWh nonshockable rh\Whms (11% Ys 27% sXrYiYal Wo discharge). The highesW sXrYiYal raWe
(64%) occXrs Zhen Where is brad\cardia and poor perfXsion, and chesW compressions and YenWilaWion are proYided
before pXlseless arresW deYelops.

For addiWional informaWion aboXW in-hospiWal resXsciWaWion oXWcomes, refer Wo Whe GeW WiWh The GXidelines-
ResXsciWaWion ZebsiWe: ZZZ.hearW.org/resXsciWaWion.

DeÀnition of Cardiac Arrest

CaUdiac aUUeVW occXrs Zhen blood circXlaWion ceases becaXse of absenW or ineffecWiYe cardiac mechanical acWiYiW\.
Clinicall\, Whe child is XnresponsiYe and is noW breaWhing or is onl\ gasping, and \oX cannoW deWecW a pXlse. Cerebral
h\po[ia caXses Whe child Wo lose conscioXsness and sWop breaWhing, alWhoXgh \oX ma\ obserYe agonal gasps dXring

DisabiliW\: XnresponsiYeness, decreased leYel of conscioXsness
E[posXre: signiÀcanW h\poWhermia or h\perWhermia, signiÀcanW bleeding, peWechiae, or pXrpXra consisWenW ZiWh
sepWic shock or coagXlaWion problem

If Whe child has a life-WhreaWening condiWion
If \oX are XncerWain or ´someWhing feels Zrongµ

PreYenWing disease processes and injXries WhaW can lead Wo cardiac arresW
Recogni]ing and managing respiraWor\ disWress, respiraWor\ failXre, and shock before Whe\ caXse cardiac arresW



Whe ÀrsW minXWes afWer sXdden arresW. When circXlaWion sWops, Whe resXlWing organ and WissXe ischemia can caXse cell,
organ, and paWienW deaWh if noW rapidl\ reYersed.

PathZa\s to Cardiac Arrest

The 2 paWhZa\s Wo cardiac arresW in children are

H\po[ic/Asph\[ial Arrest

H\po[ic/asph\[ial arresW is Whe mosW common caXse of cardiac arresW in infanWs, children, and adolescenWs and is Whe
end resXlW of progressiYe WissXe h\po[ia and acidosis caXsed b\ respiraWor\ failXre or h\poWensiYe shock. Regardless
of Whe iniWiaWing eYenW or disease process, Whe Ànal common paWhZa\ preceding cardiac arresW is cardiopXlmonar\
failXre (FigXre 16).

CUiWical CRQceSWV: PUiRUiWi]e AiUZa\ aQd BUeaWhiQg iQ ChildUeQ iQ CaUdiac AUUeVW
In conWrasW Wo adXlWs, infanWs and children XsXall\ arresW as Whe resXlW of progression of respiraWor\ failXre or shock. As
a resXlW, Whe child·s arWerial o[\gen conWenW and o[\gen deliYer\ Wo Whe WissXes are ofWen loZ aW Whe Wime of cardiac
arresW. AlWhoXgh C-A-B seqXence for CPR is Xsed for boWh adXlWs and children, esWablishing an adeqXaWe airZa\, along
ZiWh adeqXaWe o[\genaWion and YenWilaWion, shoXld be a parWicXlarl\ high prioriW\ in children dXring CPR.

Sudden Cardiac Arrest

SXdden cardiac arresW, less common in children Whan iW is in adXlWs, is mosW ofWen caXsed b\ Whe sXdden deYelopmenW
of VF or pVT. Predisposing condiWions or caXses for sXdden cardiac arresW ma\ inclXde

For primar\ preYenWion of pediaWric cardiac arresW, proYiders ma\ Xse cardioYascXlar screening (eg, for h\perWrophic
cardiom\opaWh\ or long QT s\ndrome) and WreaW predisposing problems (eg, m\ocardiWis or anomaloXs coronar\
arWer\). Some cases of sXdden cardiac arresW in children and \oXng adXlWs are associaWed ZiWh geneWic mXWaWions WhaW
caXse cardiac ion channelopaWhies. A channeloSaWh\ is a disorder of Whe ion channels in m\ocardial cells WhaW
predisposes Whe hearW Wo arrh\Whmias. These geneWic mXWaWions are knoZn as familial channeloSaWhieV, so condXcW a
carefXl famil\ hisWor\ Wo idenWif\ s\ncopal episodes, sei]Xres, and sXdden and Xne[plained deaWh (inclXding sXdden
infanW deaWh s\ndrome/sXdden Xne[plained infanW deaWh, droZning, and eYen a moWor Yehicle crash).

For secondar\ preYenWion of deaWh from sXdden cardiac arresW, proYiders mXsW perform prompW and effecWiYe
resXsciWaWion, inclXding Wimel\ deÀbrillaWion. MosW episodes of sXdden cardiac arresW in children occXr dXring aWhleWic
acWiYiW\. Coaches, Wrainers, parenWs, and Whe general pXblic mXsW knoZ aboXW sXdden cardiac arresW in children so WhaW
Whe\ can ensXre prompW WreaWmenW. In addiWion, b\sWanders mXsW be prepared and Zilling Wo acWiYaWe Whe emergenc\
response s\sWem, proYide high-qXaliW\ CPR, and Xse an AED as soon as one is aYailable.

Causes of Cardiac Arrest

CaXses of cardiac arresW in children Yar\ based on Whe child·s age and Xnderl\ing healWh as Zell as on eYenW locaWion
(in-hospiWal Ys oXW-of-hospiWal). MosW OHCA in infanWs and children occXrs aW or near Whe home.

Co-bedding is an increasing caXse of deaWh in Whe infanW popXlaWion. Therefore, insWrXcW parenWs WhaW infanWs shoXld
haYe Wheir oZn sleep space. TraXma is Whe predominanW caXse of deaWh in children 6 monWhs of age WhroXgh \oXng
adXlWhood. CaXses of WraXmaWic cardiac arresW inclXde airZa\ compromise, Wension pneXmoWhora[, hemorrhagic
shock, and brain injXr\.

H\po[ic/asph\[ial
SXdden cardiac arresW

H\perWrophic cardiom\opaWh\
AnomaloXs coronar\ arWer\
Long QT s\ndrome or oWher channelopaWhies
M\ocardiWis
DrXg inWo[icaWion (eg, digo[in, ephedra, cocaine)
CommoWio cordis (ie, sharp bloZ Wo Whe chesW)



The mosW common caXses of pediaWric cardiac arresW are respiraWor\ failXre and h\poWensiYe shock. Arrh\Whmia is a
less common caXse of arresW. Cardiac arresW in children ma\ be associaWed ZiWh a reYersible condiWion. If \oX don·W
Whink aboXW reYersible caXses or complicaWing facWors, \oX are likel\ Wo miss Whem. ReYieZ Whe folloZing H·s and T·s Wo
help \oX idenWif\ poWenWiall\ reYersible caXses of cardiac arresW or facWors WhaW ma\ be complicaWing resXsciWaWiYe
efforWs.

H·V

T·V

Also consider Xnrecogni]ed WraXma (eg, abdominal injXr\ and hemorrhage) as a caXse of cardiac arresW, especiall\ in
infanWs and \oXng children.

Identif\ing a Child at Risk for Cardiac Arrest

Children ZiWh Whe combinaWion of seYere respiraWor\ failXre and shock Zill likel\ deYelop cardiac arresW ZiWhin minXWes
Xnless \oX inWerYene immediaWel\. Be alerW for signs of inadeqXaWe o[\genaWion, YenWilaWion, and WissXe perfXsion.

Recogni]ing Cardiac Arrest

Signs of cardiac arresW are

ArresW rh\Whm ma\ be noWed on Whe cardiac moniWor, bXW moniWoring is noW mandaWor\ for recogni]ing cardiac arresW.

If a child is XnresponsiYe and does noW haYe normal breaWhing (or onl\ gasping), Wr\ Wo palpaWe a cenWral pXlse
(brachial in an infanW, caroWid or femoral in a child). BecaXse eYen healWhcare proYiders cannoW alZa\s deWecW a pXlse,
Wake no more Whan 10 seconds Wo Wr\ Wo palpaWe Whe pXlse. If Where is no pXlse felW or \oX are noW sXre if a pXlse is
presenW, sWarW CPR, beginning ZiWh chesW compressions.

Arrest Rh\thms

Cardiac arresW is associaWed ZiWh one of Whe folloZing rh\Whms, also knoZn as aUUeVW Uh\WhmV or VWaWeV:

H\poYolemia
H\po[ia
H\drogen ion (acidosis)
H\pogl\cemia
H\po-/h\perkalemia
H\poWhermia

Tension pneXmoWhora[
Tamponade (cardiac)
To[ins
Thrombosis, pXlmonar\
Thrombosis, coronar\

UnresponsiYeness
No normal breaWhing or onl\ gasping (agonal gasps aren·W effecWiYe breaWhing)
No pXlse felW (assess for no more Whan 10 seconds)

As\sWole
PEA
VF
pVT, inclXding Worsades de poinWes



As\sWole and PEA are Whe mosW common iniWial rh\Whms seen in boWh in-hospiWal and oXW-of-hospiWal pediaWric cardiac
arresW, especiall\ in children \oXnger Whan 12 \ears. SloZ Zide QRS comple[ rh\Whms WhaW immediaWel\ precede
as\sWole are ofWen referred Wo as agonal Uh\WhmV (FigXre 17). VF and pVT are more likel\ Werminal rh\Whms in older
children ZiWh sXdden collapse or in children ZiWh Xnderl\ing cardioYascXlar condiWions.

FLJXUH 17. AJRQDO UK\WKP
(VORZ YHQWULFXODU UK\WKP
SURJUHVVLQJ WR DV\VWROH).

AV\VWRle

As\sWole is cardiac sWandsWill ZiWhoXW discernable elecWrical acWiYiW\ represenWed b\ a sWraighW (ÁaW) line on Whe
elecWrocardiogram (ECG). Do noW rel\ on Whe ECG Wo diagnose cardiac arresW; alZa\s conÀrm iW clinicall\ becaXse a
´ÁaW lineµ on Whe ECG also can be caXsed b\ a loose ECG lead.

Recall poWenWiall\ reYersible caXses of as\sWole b\ remembering Whe H·s and T·s.

PXlVeleVV ElecWUical AcWiYiW\

PEA is noW a speciÀc rh\Whm bXW a Werm describing an\ organi]ed elecWrical acWiYiW\ (ie, noW VF/pVT or as\sWole) on an
ECG or cardiac moniWor WhaW is associaWed ZiWh no SalSable pXlses; an arWerial ZaYeform or Doppler sWXd\ ma\ deWecW
pXlsaWions, bXW Whese pXlses are noW palpable. The raWe of elecWrical acWiYiW\ ma\ be sloZ (mosW common), normal, or
fasW. YoX ma\ refer Wo Yer\ sloZ PEA as agonal.

In PEA, Whe ECG ma\ displa\ normal or Zide QRS comple[es or oWher abnormaliWies, inclXding

Assess Whe moniWored rh\Whm and noWe Whe raWe and ZidWh of Whe QRS comple[es.

Unless \oX can qXickl\ idenWif\ and WreaW Whe caXse of PEA (recall Whe H·s and T·s), Whe rh\Whm Zill likel\ deWerioraWe Wo
as\sWole.

VeQWUicXlaU FibUillaWiRQ

When VF is presenW, Whe hearW has no organi]ed rh\Whm and no coordinaWed conWracWions (FigXre 18). ElecWrical
acWiYiW\ is chaoWic, and Whe hearW qXiYers and does noW pXmp blood. Therefore, pXlses are noW palpable. VF ma\ be
preceded b\ a brief period of VT ZiWh or ZiWhoXW pXlses.

FLJXUH 18A. 9HQWULFXODU
ÀEULOODWLRQ. A, CRDUVH 9F.
HLJK-DPSOLWXGH HOHFWULFDO
DFWLYLW\ YDULHV LQ VL]H DQG
VKDSH, UHSUHVHQWLQJ FKDRWLF
YHQWULFXODU HOHFWULFDO DFWLYLW\
ZLWK QR LGHQWLÀDEOH P, ORS,
RU 7 ZDYHV.

FLJXUH 18B. FLQH 9F.
EOHFWULFDO DFWLYLW\ LV UHGXFHG

LoZ- or high-ampliWXde T ZaYes
Prolonged PR and QT inWerYals
AWrioYenWricXlar dissociaWion, compleWe hearW block, or YenWricXlar comple[es ZiWhoXW P ZaYes



DV FRPSDUHG ZLWK SUHYLRXV
(A) UK\WKP VWULS.

Primar\ VF is Xncommon in children. In sWXdies of pediaWric cardiac arresW, VF Zas Whe iniWial rh\Whm in 5% Wo 15% of
boWh OHCAs and IHCAs, bXW oYerall preYalence ma\ be higher becaXse VF ma\ occXr earl\ dXring an arresW and
qXickl\ deWerioraWe Wo as\sWole. IW has been reporWed in Xp Wo 27% of pediaWric in-hospiWal arresWs aW some poinW dXring
Whe resXsciWaWion.

VF ZiWhoXW a preYioXsl\ knoZn Xnderl\ing caXse ma\ occasionall\ occXr in oWherZise healWh\ Weens dXring sporWs
acWiYiWies becaXse of an Xndiagnosed cardiac abnormaliW\ or channelopaWh\, sXch as long QT s\ndrome. In addiWion,
sXdden impacW Wo Whe chesW from a collision or moYing objecW ma\ resXlW in commoWio cordis WhaW leads Wo VF. Consider
Whe H·s and T·s for oWher poWenWial reYersible caXses.

SXrYiYal and oXWcome of paWienWs ZiWh VF or pVT as Whe iniWial arresW rh\Whm are generall\ beWWer Whan Whose of paWienWs
presenWing ZiWh as\sWole or PEA. OXWcome ma\ be improYed b\ prompWl\ recogni]ing and proYiding CPR and
deÀbrillaWion.

PXlVeleVV VeQWUicXlaU Tach\caUdia

VT ma\ prodXce pXlses or ma\ be a form of pXlseless arresW of YenWricXlar origin. BecaXse Whe WreaWmenW of pVT
differs from Whe WreaWmenW of VT ZiWh a pXlse, \oX mXsW assess Whe pXlse Wo deWermine appropriaWe WreaWmenW. AlmosW
an\ caXse of VT can presenW ZiWhoXW deWecWable pXlses. Unlike VF, pVT is characWeri]ed b\ organi]ed, Zide QRS
comple[es. As shoZn in FigXre 19A, Whe YenWricXlar rh\Whm is rapid and regXlar aW a raWe of 158/min (greaWer Whan Whe
minimXm 120/min characWerisWic of VT). The QRS is Zide (greaWer Whan 0.09 second), and Where is no eYidence of
aWrial depolari]aWion. The comple[es are Xniform in appearance, so Whe VT is monomorphic. This form of pXlseless
arresW is XsXall\ brief before iW deWerioraWes inWo VF. Refer Wo ParW 11: Recogni]ing Arrh\Whmias for more informaWion.

FLJXUH 19A. 9HQWULFXODU
WDFK\FDUGLD (97). A, 97 LQ D
FKLOG ZLWK PXVFXODU
G\VWURSK\ DQG NQRZQ
FDUGLRP\RSDWK\.

TreaW pVT e[acWl\ Whe same as VF. Refer Wo Whe PediaWric Cardiac ArresW AlgoriWhm in Whe Managing Cardiac ArresW
secWion (FigXre 21).

TRUVaGHV GH PRLQWHV (TXUQLQJ RQ a PRLQW)

pVT ma\ be monomorphic (YenWricXlar comple[es appear Xniform) or pol\morphic (YenWricXlar comple[es do noW look
alike). Torsades de poinWes is a disWincWiYe form of pol\morphic VT (FigXre 19B), in Zhich Whe comple[es appear Wo be
´WXrning on a poinW.µ This arrh\Whmia is seen in condiWions disWingXished b\ a prolonged QT inWerYal, inclXding
congeniWal long QT s\ndrome, drXg Wo[iciW\, and elecWrol\We abnormaliWies (eg, h\pomagnesemia). Refer Wo ParW 11:
Recogni]ing Arrh\Whmias for more informaWion.

FLJXUH 19B. 7RUVDGHV GH
SRLQWHV LQ D FKLOG ZLWK
K\SRPDJQHVHPLD.

Managing Cardiac Arrest

The sXccess of an\ resXsciWaWion is bXilW on high-qXaliW\ CPR, Wimel\ shock deliYer\ for an\ shockable rh\Whm, and
good WeamZork.

High-Qualit\ CPR



High-qXaliW\ CPR is Whe foXndaWion of basic and adYanced life sXpporW for managing cardiac arresW. SWXd\ and pracWice
Whe characWerisWics of high-qXaliW\ CPR, inclXding performing compressions and breaWhs, so WhaW \oX can perform each
skill effecWiYel\ Wo improYe a YicWim·s chances of sXrYiYal.

ConsisWenc\ in Whe order of compressions, airZa\, and breaWhing for CPR in YicWims of all ages ma\ be easiesW for
rescXers Zho WreaW people of all ages Wo remember and perform. MainWaining Whe same seqXence for adXlWs and
children offers consisWenc\ in Weaching.

CUiWical CRQceSWV: CPR iQ H\SR[ic/AVSh\[ial AUUeVW
ConYenWional CPR (chesW compressions and rescXe breaWhs) shoXld be proYided for pediaWric cardiac arresWs b\ all
healWhcare proYiders and Wrained la\ rescXers. The asph\[ial naWXre of Whe majoriW\ of pediaWric cardiac arresWs, as Zell
as ZiWh droZning and drXg oYerdose, reqXires YenWilaWion as parW of effecWiYe CPR. HoZeYer, becaXse Hands-Onl\
(compression-onl\) CPR is effecWiYe in paWienWs ZiWh sXdden, ZiWnessed cardiac arresW, if rescXers are XnZilling or
Xnable Wo deliYer breaWhs, Ze recommend rescXers perform compression-onl\ CPR.

ReYieZ Whe fXndamenWals of BLS in Table 22. These recommendaWions are based on Whe 2020 AHA GXidelineV foU
CPR and ECC.

7DEOH 22. SXPPDU\ RI HLJK-QXDOLW\ CPR CRPSRQHQWV IRU BLS PURYLGHUV

CRPSRQHQW AGXOWV aQG aGROHVFHQWV CKLOGUHQ 
(aJH 1 \HaU WR SXEHUW\)

IQIaQWV 
(aJH OHVV WKaQ 1 \HaU,
H[FOXGLQJ QHZERUQV)

9HULI\LQJ VFHQH VDIHW\ Make sure the environment is safe for rescuers and victim

RHFRJQL]LQJ FDUGLDF DUUHVW Check for responsiveness
No breathing or onl\ gasping (ie, no normal breathing)

No deÀnite pulse felt within 10 seconds
(Breathing and pulse check can be performed simultaneousl\ in less than 10 seconds)

AFWLYDWLQJ HPHUJHQF\
UHVSRQVH V\VWHP

If a PRbLOe deYLce LV aYaLOabOe, ShRQe ePeUgeQc\ VeUYLceV (9-1-1)

If \ou are alone with no
mobile phone, leave the

victim to activate the
emergenc\ response s\stem

and get the AED before
beginning CPR

Otherwise, send someone
and begin CPR immediatel\;
use the AED as soon as it is

available

:LWQHVVHG FROODSVH
Follow steps for adults and adolescents on the left

8QZLWQHVVHG FROODSVH
Give 2 minutes of CPR

Leave the victim to activate the emergenc\ response s\stem
and get the AED

Return to the child or infant and resume CPR; use the AED as
soon as it is available

CRPSUHVVLRQ-WR-YHQWLODWLRQ
UDWLR ZLWhRXW adYaQced
aLUZa\

1 RU 2 UHVFXHUV
30:2

1 UHVFXHU
30:2

2 RU PRUH UHVFXHUV
15:2

CRPSUHVVLRQ-WR-YHQWLODWLRQ
UDWLR ZLWh adYaQced aLUZa\

Continuous compressions at
a rate of 100-120/min
Give 1 breath ever\ 6

seconds (10 breaths/min)

Continuous compressions at a rate of 100-120/min
Give 1 breath ever\ 2-3 seconds (20-30 breaths/min)

CRPSUHVVLRQ UDWH 100-120/min

CRPSUHVVLRQ GHSWK At least 2 inches (5 cm)* At least one third AP diameter
of chest

Appro[imatel\ 2 inches (5
cm)

At least one third AP diameter
of chest

Appro[imatel\ 1ô inches (4
cm)

HDQG SODFHPHQW 2 hands on the lower half of
the breastbone (sternum)

2 hands or 1 hand (optional
for ver\ small child) on the

lower half of the breastbone
(sternum)

1 UHVFXHU
2 Àngers or 2 thumbs in the

center of the chest, just below



the nipple line
2 RU PRUH UHVFXHUV

2 thumb²encircling hands in
the center of the chest, just

below the nipple line
If the rescuer is unable to

achieve the recommended
depth, it ma\ be reasonable
to use the heel of one hand

CKHVW UHFRLO Allow complete recoil of chest after each compression; do not lean on the chest after each
compression

MLQLPL]LQJ LQWHUUXSWLRQV Limit interruptions in chest compressions to less than 10 seconds

*Compression depth should be no more than 2.4 inches (6 cm).
Abbreviations: AED, automated e[ternal deÀbrillator; AP, anteroposterior; CPR, cardiopulmonar\ resuscitation.

Monitoring for CPR Qualit\

DXring Whe resXsciWaWion aWWempW, Whe Team Leader as Zell as Weam members shoXld moniWor CPR qXaliW\. Use good
Weam commXnicaWion Wo ensXre WhaW chesW compressions are Whe appropriaWe depWh and raWe, WhaW Whe chesW is alloZed
Wo fXll\ recoil afWer each compression, and WhaW YenWilaWion is noW e[cessiYe. ElemenWs of high-qXaliW\ CPR inclXde Whe
folloZing:

Man\ in-hospiWal paWienWs, especiall\ Whose in an inWensiYe care XniW, haYe adYanced moniWoring in place; some haYe
adYanced airZa\s and receiYe mechanical YenWilaWion. ConWinXoXsl\ moniWoring Whe child·s end-Widal CO2 (PETCO2) can
proYide indirecW eYidence of chesW compression qXaliW\ (FigXre 20). If PETCO2 is less Whan 10 Wo 15 mm Hg, cardiac
oXWpXW dXring CPR is probabl\ loZ, meaning noW mXch blood is deliYered Wo Whe lXngs. Verif\ WhaW cardiac
compressions are effecWiYe, ZiWh a goal of increasing Whe PETCO2 Wo greaWer Whan 10 Wo 15 mm Hg. If Whe child has an
indZelling arWerial caWheWer, Xse Whe ZaYeform as feedback Wo eYalXaWe hand posiWion and chesW compression depWh.
Minorl\ adjXsWing hand posiWion or compression depWh can signiÀcanWl\ improYe Whe ampliWXde of Whe arWerial ZaYeform,
reÁecWing beWWer chesW compression²indXced sWroke YolXme and cardiac oXWpXW. Verif\ WhaW YenWilaWion is noW e[cessiYe.
BoWh Whe PETCO2 and arWerial ZaYeform ma\ be XsefXl in idenWif\ing ROSC.

FLJXUH 20. CDSQRJUDSK\ WR
PRQLWRU HIIHFWLYHQHVV RI
UHVXVFLWDWLYH HIIRUWV.

This capnograph\ Wracing displa\s Whe PETCO2 in mm Hg on Whe YerWical a[is oYer Wime (depicWed hori]onWall\). This
paWienW is inWXbaWed and receiYing CPR. NoWe WhaW Whe YenWilaWion raWe is appro[imaWel\ 8 Wo 10/min. ChesW
compressions in Whis paWienW Zere giYen conWinXoXsl\ aW a raWe slighWl\ fasWer Whan 100/min bXW are noW Yisible ZiWh Whis
Wracing. The iniWial PETCO2 is less Whan 12.5 mm Hg dXring Whe ÀrsW minXWe, indicaWing Yer\ loZ blood ÁoZ. In Whis
e[ample, Whe PETCO2 increases Wo beWZeen 12.5 and 25 mm Hg dXring Whe second and Whird minXWes, consisWenW ZiWh
Whe increase in blood ÁoZ ZiWh ongoing resXsciWaWion. ROSC occXrs dXring Whe foXrWh minXWe and is idenWiÀable b\ Whe

PXsh fasW: PXsh aW a raWe of 100 Wo 120 compressions per minXWe for infanWs, children, and adXlWs
PXsh hard: PXsh ZiWh enoXgh force Wo depress Whe chesW aW leasW one Whird Whe anWeroposWerior diameWer of Whe
chesW in pediaWric paWienWs (infanWs [\oXnger Whan 1 \ear] Wo children Xp Wo Whe onseW of pXberW\). This eqXaWes Wo
appro[imaWel\ 1ô inches (4 cm) in infanWs and 2 inches (5 cm) in children. Once children haYe reached pXberW\
(ie, adolescenWs), Xse Whe recommended adXlW compression depWh of aW leasW 2 inches (5 cm), bXW no greaWer Whan
2.4 inches (6 cm).
AlloZ compleWe chesW recoil: AlloZ compleWe chesW recoil afWer each compression; Whis alloZs Whe hearW Wo reÀll ZiWh
blood.
Minimi]e inWerrXpWions: Tr\ Wo limiW inWerrXpWions in chesW compressions Wo 10 seconds or less or as needed for
inWerYenWions (eg, deÀbrillaWion). Ideall\, compressions are inWerrXpWed onl\ for YenWilaWion (XnWil an adYanced airZa\
is placed), rh\Whm check, and acWXal shock deliYer\. Once an adYanced airZa\ is in place, proYide conWinXoXs
chesW compressions and as\nchronoXs YenWilaWion (ie, ZiWhoXW paXsing compressions for YenWilaWion).
AYoid e[cessiYe YenWilaWion: Each rescXe breaWh shoXld be giYen oYer aboXW 1 second and shoXld resXlW in Yisible
chesW rise. AfWer an adYanced airZa\ is in place, deliYer 1 breaWh eYer\ 2 Wo 3 seconds or aboXW 20 Wo 30 breaWhs
per minXWe, being carefXl Wo aYoid e[cessiYe YenWilaWion.



abrXpW increase in Whe PETCO2 (Yisible jXsW afWer Whe foXrWh YerWical line) Wo oYer 40 mm Hg, Zhich is consisWenW ZiWh a
sXbsWanWial improYemenW in blood ÁoZ ZiWh ROSC.

PALS in Cardiac Arrest

The immediaWe goal of WherapeXWic inWerYenWions for cardiac arresW is ROSC, Zhich occXrs Zhen an organi]ed cardiac
elecWrical rh\Whm on Whe moniWor and palpable cenWral pXlses resXme. Corresponding clinical eYidence of perfXsion Zill
also be apparenW (eg, sXdden increase in PETCO2, measXrable blood pressXre, improYed color).

PALS WreaWmenW of cardiac arresW ma\ inclXde Whe folloZing:

AUUeVW Rh\WhP AVVeVVPeQW

The PediaWric Cardiac ArresW AlgoriWhm oXWlines Whe recommended seqXence of CPR, shocks, and medicaWion
adminisWraWion for boWh shockable and nonshockable pediaWric cardiac arresW rh\Whms, so idenWif\ing Whe arresW rh\Whm
as shockable or nonshockable deWermines Zhich paWhZa\ Wo folloZ. AlWhoXgh Whe algoriWhm depicWs acWions
seqXenWiall\, man\ acWions (eg, compressions and medicaWion adminisWraWion) are W\picall\ performed simXlWaneoXsl\
Zhen mXlWiple rescXers are presenW.

VaVcXlaU AcceVV

PrioriWies for drXg deliYer\ roXWes dXring PALS are (in order of preference)

When Whe criWicall\ ill child deYelops cardiac arresW, YascXlar access ma\ alread\ be esWablished. If YascXlar access is
noW presenW, esWablish iW immediaWel\. Peripheral IV access is Whe ÀrsW choice dXring resXsciWaWion if \oX can place iW
rapidl\, bXW placemenW ma\ be difÀcXlW in criWicall\ ill or injXred children. LimiW Whe Wime \oX spend Wr\ing Wo obWain IV
access in a serioXsl\ ill or injXred child. If IV access is noW alread\ presenW and \oX cannoW achieYe iW immediaWel\,
esWablish IO access. IO acceVV iV XVefXl aV Whe iniWial YaVcXlaU acceVV in caVeV of caUdiac aUUeVW. If neiWher IV nor IO
access is aYailable for medicaWion deliYer\, Whe endoWracheal (ET) roXWe is a Whird opWion.

IQWUaYHQRXV RRXWH

AlWhoXgh a cenWral YenoXs caWheWer proYides a more secXre roXWe of YascXlar access Whan a peripheral caWheWer,
cenWral YenoXs access is noW needed dXring mosW resXsciWaWion aWWempWs, and iWs placemenW reqXires inWerrXpWions in
chesW compressions. This is becaXse Wr\ing Wo place Whe cenWral caWheWer dXring chesW compressions ma\ caXse
YascXlar laceraWions, hemaWomas, pneXmoWhora[, and bleeding. If a cenWral YenoXs caWheWer is alread\ in place, iW is
Whe preferred roXWe for drXg and ÁXid adminisWraWion. CenWral YenoXs adminisWraWion of medicaWions proYides more
rapid onseW of acWion and higher peak concenWraWion Whan peripheral YenoXs deliYer\.

EsWablishing peripheral YenoXs access does noW reqXire inWerrXpWing CPR, bXW iW ma\ dela\ drXg deliYer\ Wo Whe cenWral
circXlaWion. To improYe drXg deliYer\, do Whe folloZing Zhen adminisWraWing drXgs inWo a peripheral IV caWheWer infXsion
s\sWem:

IQWUaRVVHRXV RRXWH

If IV access is noW aYailable, drXgs and ÁXids can be deliYered safel\ and effecWiYel\ Yia Whe IO roXWe. In facW, Whe IO
roXWe is XsefXl as Whe iniWial roXWe of YascXlar access in cases of cardiac arresW. ImporWanW poinWs aboXW IO access are

Rh\Whm anal\sis (shockable Ys nonshockable)
EsWablishmenW of YascXlar access
DeÀbrillaWion
MedicaWion Wherap\
AdYanced airZa\ managemenW

1. InWraYenoXs
2. InWraosseoXs
3. EndoWracheal

GiYe Whe drXg b\ bolXs injecWion
GiYe Whe drXg Zhile chesW compressions are being performed
FolloZ ZiWh a 5-mL ÁXsh of normal saline Wo moYe Whe drXg from Whe peripheral Wo Whe cenWral circXlaWion

IO access can be esWablished in all age groXps
IO access can ofWen be achieYed in 30 Wo 60 seconds
The IO roXWe is preferred oYer Whe ET roXWe



IO cannXlaWion proYides access Wo a noncollapsible marroZ YenoXs ple[Xs, Zhich serYes as a rapid, safe, and reliable
roXWe for adminisWering resXsciWaWion drXgs and ÁXids. The WechniqXe Xses a rigid needle, preferabl\ a speciall\
designed IO or bone marroZ needle. AlWhoXgh an IO needle ZiWh a sW\leW is preferred Wo preYenW obsWrXcWion of Whe
needle ZiWh corWical bone dXring inserWion, bXWWerÁ\ needles, sWandard h\podermic needles, and spinal needles can be
inserWed and Xsed effecWiYel\. PoZered IO inserWion deYices are commerciall\ aYailable and are Zidel\ Xsed in Whe
UniWed SWaWes. Refer Wo Whe ResoXrces for Managing CircXlaWor\ Emergencies in ParW 10 of Whis manXal for more
informaWion on IO access.

EQGRWUaFKHaO RRXWH

The IV and IO roXWes are preferable Wo Whe ET roXWe for adminisWering drXgs, bXW lipid-solXble drXgs can be giYen b\
Whe ET roXWe. These inclXde lidocaine, epinephrine, aWropine, and nalo[one (LEAN) and Yasopressin. HoZeYer, Where
are limiWed hXman sWXdies aboXW ET Yasopressin adminisWraWion and limiWed sWXdies Wo proYide dosing gXidelines for
mosW drXgs giYen b\ Whe ET roXWe.

When considering drXg adminisWraWion Yia Whe ET roXWe dXring CPR, keep Whese concepWs in mind:

To giYe a drXg b\ Whe ET roXWe, adminisWer iW as folloZs:

DeÀbUillaWiRQ

A deÀbrillaWion shock ´sWXnsµ Whe hearW b\ depolari]ing a criWical mass of Whe m\ocardiXm. If a shock is sXccessfXl, iW
WerminaWes VF, Zhich alloZs Whe hearW·s naWXral pacemaker cells Wo resXme an organi]ed rh\Whm. The reWXrn of an
organi]ed rh\Whm alone, hoZeYer, does noW ensXre sXrYiYal. The organi]ed rh\Whm mXsW XlWimaWel\ prodXce effecWiYe
cardiac mechanical acWiYiW\ WhaW resXlWs in ROSC, deÀned b\ Whe presence of palpable cenWral pXlses. If Whe child·s
PETCO2 or inWra-arWerial pressXre is being moniWored, iW also can indicaWe ROSC (FigXre 20).

When aWWempWing deÀbrillaWion, proYide compressions XnWil Whe deÀbrillaWor is charged, deliYer 1 shock, and
immediaWel\ resXme CPR, sWarWing ZiWh chesW compressions. ChesW compressions are needed Wo mainWain blood ÁoZ
Wo Whe hearW (Whe coronar\ circXlaWion) and brain XnWil effecWiYe cardiac conWracWiliW\ resXmes. No eYidence indicaWes WhaW
performing chesW compressions in a child ZiWh sponWaneoXs cardiac acWiYiW\ is harmfXl. If Whe shock does noW eliminaWe
VF, Whe hearW is probabl\ ischemic. ResXming chesW compressions is likel\ Wo be of greaWer YalXe Wo Whe child Whan
immediaWe deliYer\ of a second shock.

In an oXW-of-hospiWal or XnmoniWored seWWing, do noW ZasWe Wime looking for a shockable rh\Whm or palpaWing a pXlse
immediaWel\ afWer shock deliYer\; neiWher is likel\ Wo be presenW. ResXme high-qXaliW\ CPR, beginning ZiWh chesW
compressions. ProYiders ma\ modif\ Whis seqXence in hospiWal XniWs ZiWh inYasiYe arWerial moniWoring. In in-hospiWal
seWWings ZiWh inYasiYe moniWoring in place, reWXrn of an arWerial ZaYeform or a sXdden increase in PETCO2 sXggesWs
ROSC. When moniWored parameWers indicaWe ROSC, conÀrm b\ palpaWing a cenWral pXlse.

For more informaWion aboXW Whe manXal deÀbrillaWion procedXre, refer Wo Whe CriWical ConcepWs bo[ ManXal DeÀbrillaWion
(for VF or pVT) laWer in Whis ParW.

CUiWical CRQceSWV: DeÀbUillaWiRQ aQd CPR

An\ drXg or ÁXid WhaW can be adminisWered IV can be adminisWered IO

DrXg absorpWion from Whe Wracheobronchial Wree is XnpredicWable, so drXg concenWraWions and drXg effecWs Zill be
XnpredicWable.
The opWimal drXg dose giYen b\ Whe ET roXWe is XnknoZn.

Recommended drXg doses adminisWered b\ Whe ET roXWe are higher Whan for Whe IV/IO roXWe.

² DrXg adminisWraWion inWo Whe Wrachea resXlWs in loZer blood concenWraWions Whan Whe same dose giYen Yia IV or
IO roXWes.

² Animal daWa sXggesW WhaW Whe loZer epinephrine concenWraWions achieYed Zhen Whe drXg is deliYered b\ Whe ET
roXWe ma\ prodXce WransienW bXW deWrimenWal ћ-adrenergic²mediaWed YasodilaWion.

² The recommended ET dose of epinephrine is 10 Wimes Whe IV/IO dose.
² The W\pical ET dose of oWher drXgs is 2 Wo 3 Wimes Whe IV/IO dose.

InsWill Whe drXg inWo Whe ET WXbe (brieÁ\ paXse compressions dXring insWillaWion).
FolloZ ZiWh a minimXm of 5 mL normal saline ÁXsh; a smaller YolXme ma\ be Xsed in neonaWes.
ProYide 5 rapid posiWiYe-pressXre breaWhs afWer Whe drXg is insWilled.



If a shock eliminaWes VF, conWinXe CPR becaXse mosW YicWims haYe as\sWole or PEA immediaWel\ afWer shock deliYer\.

MedicaWiRQ TheUaS\

The objecWiYes for medicaWion adminisWraWion dXring cardiac arresW are Wo

MedicaWions WhaW ma\ be Xsed Zhile WreaWing pediaWric cardiac arresW are lisWed in Table 23.

7DEOH 23. PHGLDWULF CDUGLDF AUUHVW MHGLFDWLRQV

AJHQW IQGLFaWLRQ MHFKaQLVP(V) RI aFWLRQ COLQLFaO GaWa

9DVRSUHVVRUV

Epinephrine

AQWLDUUK\WKPLFV

Amiodarone

Lidocaine

Magnesium sulfate

OWKHU AJHQWV

Atropine

Increase coronar\ and cerebral perfXsion pressXres and blood ÁoZ
SWimXlaWe sponWaneoXs or more forcefXl m\ocardial conWracWiliW\
AcceleraWe hearW raWe
CorrecW and WreaW Whe possible caXse of cardiac arresW
SXppress or WreaW arrh\Whmias

Used for cardiac arrest
associated with VF/pVT
as well as as\stole/PEA
High doses ma\ be
considered for special
resuscitation
circumstances, such as
ћ-blocker overdose

Causes њ-adrenergic²
mediated vasoconstriction
that increases aortic
diastolic pressure and
coronar\ perfusion
pressure, a critical
determinant of successful
resuscitation

Both beneÀcial and to[ic ph\siologic
effects during CPR have been
demonstrated in animal and human
studies
No pediatric studies have
demonstrated improved survival with
the use of epinephrine
High doses ma\ be harmful,
particularl\ in h\po[ic/asph\[ial arrest
High-dose IV/IO epinephrine is not
recommended because it offers no
survival advantage

Ma\ be used for shock-
refractor\ VF or pVT

њ-Adrenergic and ћ-
adrenergic blocking
activit\
Affects sodium,
potassium, and calcium
channels
Slows atrioventricular
conduction
Prolongs the
atrioventricular refractor\
period and QT interval
Slows ventricular
conduction (widens the
QRS)

Increased survival to hospital
admission but not to hospital
discharge compared with placebo or
lidocaine for shock-resistant VF in
adults
No association between amiodarone
use and ROSC, 24-hour survival, or
survival to hospital discharge in
pediatric observational stud\

Ma\ be used to treat
shock-refractor\ VF or
pVT in children

Decreases automaticit\
and suppresses
ventricular arrh\thmias

Pediatric observational data showed
lidocaine improved ROSC as
compared with no lidocaine
No association between lidocaine use
and survival to hospital discharge

Used to treat torsades
de pointes
Used for
h\pomagnesemia

Used to treat arrh\thmias
associated with
h\pomagnesemia

InsufÀcient evidence to recommend
for or against routine use in pediatric
cardiac arrest not associated with
torsades de pointes or
h\pomagnesemia

Indicated to treat
brad\cardia, especiall\
if it results from
e[cessive vagal tone,
cholinergic drug to[icit\
(eg,

Increases heart rate No published studies suggesting
efÀcac\ for treating cardiac arrest in
pediatric patients
Refer to complete discussion in Part
12: Managing Arrh\thmias



Calcium

Sodium bicarbonate

AdYaQced AiUZa\ MaQagePeQW

When managing Whe airZa\ and YenWilaWion in pediaWric YicWims of cardiac arresW, consider Whe folloZing:

An adYanced airZa\ (eg, ET WXbe) can be placed dXring CPR. HoZeYer, in a sWXd\ of OHCA, ET inWXbaWion
demonsWraWed no sXrYiYal adYanWage oYer effecWiYe bag-mask YenWilaWion Zhen emergenc\ medical serYices WransporW
Wime Zas shorW, and proYiders had limiWed ongoing e[perience in pediaWric inWXbaWion. This sWXd\ does noW address ET
inWXbaWion in Whe in-hospiWal seWWing bXW sXggesWs WhaW immediaWe inWXbaWion ma\ noW be necessar\.

Pediatric Cardiac Arrest Algorithm

organophosphates), or
complete
atrioventricular block

Routine use in cardiac
arrest is not
recommended
Indicated for
documented ioni]ed
h\pocalcemia
(relativel\ common in
criticall\ ill children,
particularl\ during
sepsis or after
cardiopulmonar\
b\pass) and
h\perkalemia,
particularl\ in children
with hemod\namic
compromise
Ma\ also be considered
for h\permagnesemia
or calcium channel
blocker overdose

Restores calcium
Helps maintain the cell
membrane action
potential threshold
Helps maintain the
gradient between
intracellular potassium
and e[tracellular sodium

Does not improve survival in cardiac
arrest and ma\ be harmful

Routine administration
in cardiac arrest is not
recommended
Recommended for
s\mptomatic patients
with h\perkalemia,
tric\clic antidepressant
overdose, or an
overdose of other
sodium channel
blocking agents

Helpful in treating
arrh\thmias in tric\clic
overdose
Rapidl\ reduces
potassium concentrations
in h\perkalemia

Does not improve survival in cardiac
arrest

AYoid e[cessiYe YenWilaWion dXring resXsciWaWion.

AYoid roXWine Xse of cricoid pressXre if iW inWerferes ZiWh inWXbaWion or YenWilaWion.
Use ZaYeform capnograph\ or capnomeWr\ ZiWh clinical e[aminaWion Wo conÀrm and moniWor ET WXbe placemenW.
ColorimeWric e[haled CO2 deYices ma\ fail Wo deWecW Whe presence of e[haled CO2 (ie, lack of a color change
indicaWes no CO2 deWecWed) dXring cardiac arresW despiWe correcWl\ placing Whe ET WXbe. Use direcW lar\ngoscop\ Wo
conÀrm WXbe placemenW if e[haled CO2 is noW deWecWed and Where is eYidence WhaW Whe WXbe is in Whe Wrachea (eg,
chesW rise and bilaWeral breaWh soXnds).
When proYiding YenWilaWion Yia an adYanced airZa\ dXring CPR, proYide 1 breaWh eYer\ 2 Wo 3 seconds (20-30
breaWhs/min) ZiWhoXW paXsing chesW compressions. ChesW compressions are deliYered ZiWhoXW inWerrXpWion aW a raWe
of 100 Wo 120/min. For more deWails, refer Wo InserWing an AdYanced AirZa\ DXring CPR secWion laWer in Whis ParW.

² E[cessiYe YenWilaWion can be harmfXl becaXse iW impedes YenoXs reWXrn and decreases cardiac oXWpXW.
² Increased inWraWhoracic pressXre from posiWiYe-pressXre YenWilaWion also eleYaWes righW aWrial pressXre and WhXs

redXces coronar\ perfXsion pressXre.
² When proYiding YenWilaWion ZiWh a bag and mask (in c\cles of 15 compressions and 2 breaWhs for 2 rescXers),

giYe each breaWh oYer 1 second and proYide jXsW enoXgh YolXme Wo make Whe chesW rise.
² E[cessiYe Widal YolXme or pressXre dXring bag-mask YenWilaWion ma\ disWend Whe sWomach; gasWric disWenWion

impedes YenWilaWion and increases Whe risk of regXrgiWaWion and aspiraWion.



The PediaWric Cardiac ArresW AlgoriWhm (FigXre 21) oXWlines sWeps for assessing and managing an infanW or child in
cardiac arresW Zho does noW respond Wo BLS inWerYenWions. The e[perW consensXs²based PediaWric Cardiac ArresW
AlgoriWhm ma[imi]es XninWerrXpWed periods of CPR Zhile enabling efÀcienW deliYer\ of elecWrical Wherap\ and
medicaWions as appropriaWe. AlWhoXgh Whe acWions appear seqXenWiall\, Zhen seYeral rescXers are inYolYed, some
acWions Zill occXr simXlWaneoXsl\.

FLJXUH 21. PHGLDWULF CDUGLDF
AUUHVW AOJRULWKP.

CUiWical CRQceSWV: CRRUdiQaWiQg TeaP MePbeUV DXUiQg ReVXVciWaWiRQ
Using Whe PediaWric Cardiac ArresW AlgoriWhm, proYiders shoXld sWrXcWXre assessmenWs and inWerYenWions aroXnd 2-
minXWe periods of XninWerrXpWed high-qXaliW\ CPR, roWaWing chesW compressors afWer eYer\ 2-minXWe period. This
reqXires organi]aWion so WhaW all Weam members knoZ Wheir responsibiliWies. When all Weam members are familiar ZiWh
Whe algoriWhm, Whe\ can anWicipaWe ne[W sWeps and prepare Whe eqXipmenW and proper doses of medicaWions.

The algoriWhm consisWs of 2 paWhZa\s, depending on Whe cardiac rh\Whm as idenWiÀed on a moniWor or inWerpreWed b\ an
AED. A shockable rh\Whm (VF/pVT) paWhZa\ is displa\ed on one side of Whe algoriWhm Zhile a nonshockable rh\Whm
(as\sWole/PEA) paWhZa\ is displa\ed on Whe oWher side of Whe algoriWhm.

SWep nXmbers in Whe folloZing secWions refer Wo Whe corresponding sWeps in Whe algoriWhm.

SWaUW CPR (SWHS 1)

SKRFNaEOH UK\WKP: VF/SVT (SWHS 2)

If Whe rh\Whm is shockable, deliYer 1 Xns\nchroni]ed shock (SWep 3). Perform CPR Zhile Whe deÀbrillaWor is charging, if
possible, becaXse Whe shorWer Whe inWerYal is beWZeen Whe lasW compression and shock deliYer\, Whe higher Whe poWenWial
shock sXccess (eliminaWion of VF). Therefore, Wr\ Wo keep WhaW inWerYal as shorW as possible, ideall\ less Whan 10
seconds. ImmediaWel\ afWer shock deliYer\, resXme high-qXaliW\ CPR, beginning ZiWh chesW compressions. ProYiders
ma\ Xse Wheir discreWion Wo modif\ Whis approach in a moniWored seWWing.

If Whe resXsciWaWion aWWempW Wakes place in a criWical care seWWing and Whe child has conWinXoXs inWra-arWerial moniWoring in
place, Whe diasWolic blood pressXre can be Xsed Wo gXide CPR qXaliW\. InYasiYe arWerial blood pressXre moniWoring
dXring CPR proYides insighW Wo blood pressXres generaWed ZiWh compressions and medicaWions. End-Widal CO2 reÁecWs

SWarW CPR

Begin bag-mask YenWilaWion and giYe o[\gen.
AWWach moniWor/deÀbrillaWor. Once Whe moniWor/deÀbrillaWor is aWWached, check Whe rh\Whm. DeWermine ZheWher Whe
rh\Whm is shockable (VF/pVT) or nonshockable (as\sWole/PEA). If Whe rh\Whm is shockable, folloZ Whe VF/pVT
paWhZa\ of Whe algoriWhm.

² As soon as Whe child is foXnd Wo be XnresponsiYe ZiWh no breaWhing (or onl\ gasping), shoXW for nearb\ help and
acWiYaWe Whe emergenc\ response s\sWem, send for a deÀbrillaWor (manXal or AED), check for a pXlse, and sWarW
CPR, beginning ZiWh chesW compressions. AWWach Whe ECG moniWor or AED pads as soon as Whe\ are aYailable.
ThroXghoXW Whe resXsciWaWion aWWempW, proYide high-qXaliW\ CPR (giYe chesW compressions of adeqXaWe raWe and
depWh, alloZ compleWe chesW recoil afWer each compression, minimi]e inWerrXpWions in compressions, and aYoid
e[cessiYe YenWilaWion). Use a compression-Wo-YenWilaWion raWio of 30:2 for 1 rescXer and 15:2 for 2 rescXers.



boWh Whe cardiac oXWpXW prodXced and YenWilaWion efÀcac\ and ma\ proYide feedback on Whe qXaliW\ of CPR. A sXdden
rise in Whe End-Widal CO2 ma\ be an earl\ sign of ROSC. In oWher seWWings, \oX can idenWif\ ROSC afWer aboXW 2
minXWes of CPR dXring Whe ne[W rh\Whm check.

DeÀbrillaWion deYices for children are Whe

InsWiWXWions WhaW care for children aW risk for arrh\Whmias and cardiac arresW (eg, hospiWals, emergenc\ deparWmenWs)
ideall\ shoXld haYe deÀbrillaWors aYailable WhaW can adjXsW Whe energ\ dose for children.

MaQXaO DHÀEULOOaWRU

The opWimal elecWrical energ\ dose for pediaWric deÀbrillaWion is XnknoZn, bXW an iniWial dose of 2 Wo 4 J/kg is
accepWable. For ease of Weaching, consider a 2 J/kg dose (biphasic or monophasic ZaYeform). If VF or pVT persisW aW
Whe ne[W rh\Whm check, deliYer a 4 J/kg dose for Whe second shock. If VF persisWs afWer Whe second shock, Xse aW leasW
4 J/kg or higher, bXW do noW e[ceed 10 J/kg or Whe ma[imXm adXlW dose. SXccessfXl resXsciWaWion Xsing shock doses
Xp Wo 9 J/kg haYe been reporWed in children.

Refer Wo Whe CriWical ConcepWs bo[ ManXal DeÀbrillaWion (for VF or pVT) laWer in Whis ParW for Whe XniYersal sWeps for
operaWing a manXal deÀbrillaWor.

PaGV/PaGGOHV

Use eiWher self-adhesiYe elecWrode pads or paddles Wo deliYer shocks ZiWh a manXal deÀbrillaWor. Self-adhesiYe pads
are preferred becaXse Whe\ are eas\ Wo appl\ and redXce Whe risk of cXrrenW arcing, bXW Whe\ also can be Xsed Wo
moniWor Whe hearW rh\Whm. If \oX Xse paddles, appl\ a condXcWing gel, cream, or pasWe, or place an elecWrode pad
beWZeen Whe paddle and Whe child·s chesW Wo redXce WransWhoracic impedance. Do noW Xse saline-soaked gaX]e pads,
sonographic gels, or alcohol pads becaXse alcohol pads ma\ pose a Àre ha]ard and caXse chesW bXrns.

Use Whe largesW self-adhering elecWrode pads WhaW Zill ÀW on Whe chesW Zall Zhile ensXring WhaW Whe pads don·W WoXch.
Recommended paddle si]es are based on Whe child·s ZeighW/age:

The selecWion of pediaWric pads Ys adXlW pads is manXfacWXrer speciÀc. Refer Wo package insWrXcWions Wo deWermine Whe
appropriaWe si]e.

Place Whe elecWrode pads/paddles so WhaW Whe hearW is beWZeen Whem. Place 1 elecWrode pad/paddle on Whe Xpper righW
side of Whe YicWim·s chesW beloZ Whe righW claYicle and Whe oWher Wo Whe lefW of Whe lefW nipple in Whe anWerior a[illar\ line
direcWl\ oYer Whe hearW, making sXre Whe\ don·W WoXch. AlloZ aW leasW 3 cm beWZeen paddles, and appl\ Àrm pressXre Wo
creaWe good conWacW ZiWh Whe skin.

HoZeYer, some deÀbrillaWor manXfacWXrers recommend placing self-adhesiYe elecWrode pads in an anWeroposWerior
posiWion, ZiWh one oYer Whe YicWim·s hearW and Whe oWher oYer Whe back. This placemenW ma\ be necessar\ in an infanW,
parWicXlarl\ if onl\ large elecWrode pads are aYailable. Place Whe elecWrode pads according Wo Whe recommendaWions of
Whe deÀbrillaWor manXfacWXrer WhaW are W\picall\ illXsWraWed on Whe pads WhemselYes.

ModiÀcaWions ma\ be reqXired in special siWXaWions (eg, if Whe child has an implanWed deÀbrillaWor).

COHaULQJ IRU DHÀEULOOaWLRQ

To ensXre rescXer safeW\ dXring deÀbrillaWion, YisXall\ check Whe child and Whe resXsciWaWion Weam jXsW before \oX
deliYer a shock. Make sXre WhaW high-ÁoZ O2 is noW direcWed across Whe child·s chesW. Warn oWhers WhaW \oX are aboXW Wo
deliYer a shock and WhaW eYer\one mXsW sWand clear. (This enWire seqXence shoXld Wake less Whan 5 seconds.) Refer Wo
Whe CriWical ConcepWs bo[ ManXal DeÀbrillaWion (for VF or pVT).

CUiWical CRQceSWV: MaQXal DeÀbUillaWiRQ (fRU VF RU SVT) (SWeS 3)
ConWinXe CPR ZiWhoXW inWerrXpWion dXring all sWeps XnWil Whe deÀbrillaWor is fXll\ charged. Minimi]e inWerYal beWZeen Whe
lasW compression and shock deliYer\ (do noW deliYer breaWhs beWZeen lasW compression and shock deliYer\).

AED (able Wo disWingXish pediaWric shockable from nonshockable rh\Whms and ideall\ eqXipped ZiWh a pediaWric
dose aWWenXaWor)
ManXal cardioYerWer/deÀbrillaWor (capable of Yariable shock doses)

PediaWric paWienWs heaYier Whan 10 kg (or appro[imaWel\ 1 \ear or older) shoXld Xse large ´adXlWµ paddles (8-13
cm).
PediaWric paWienWs lighWer Whan 10 kg (or \oXnger Whan 1 \ear) shoXld Xse small ´infanWµ paddles (4.5 cm).



RHVXPH CPR, HVWaEOLVK IV/IO aFFHVV, FKHFN UK\WKP (SWHS 4)

Before Whe rh\Whm check, Whe Team Leader shoXld ensXre WhaW Whe Weam is prepared Wo do Whe folloZing:

AfWer 2 minXWes of CPR, check Whe rh\Whm. LimiW inWeUUXSWionV in CPR Wo leVV Whan 10 VecondV foU a Uh\Whm check.

This rh\Whm check ma\ indicaWe Whe folloZing oXWcomes from Whe preYioXs shock and CPR:

THUPLQaWLQJ VF/SVT (LH, UK\WKP LV ´QRQVKRFNaEOHµ) (SWHS 12)

If Whe rh\Whm is nonshockable, check for an ´organi]edµ rh\Whm (ie, one ZiWh regXlar comple[es [FigXre 22]). If Where
are no signs of ROSC, go Wo SWep 10.

FLJXUH 22. 9F FRQYHUWHG WR
RUJDQL]HG UK\WKP DIWHU
GHÀEULOODWLRQ (VXFFHVVIXO
VKRFN).

If Whe rh\Whm is organi]ed, palpaWe a cenWral pXlse. If Where is reWXrn of sponWaneoXs circXlaWion (ROSC) go Wo Whe PosW²
Cardiac ArresW Care checklisW (ParW 13). If Whe rh\Whm is noW organi]ed, do noW perform a pXlse check; insWead,
immediaWel\ resXme CPR (SWep 10). Remember, rh\Whm and pXlse checks shoXld be brief (less Whan 10 seconds). In
speciali]ed enYironmenWs (eg, an inWensiYe care XniW) ZiWh inWra-arWerial or oWher hemod\namic moniWoring in place,
proYiders ma\ alWer Whis seqXence.

1. TXrn on Whe deÀbrillaWor.
2. SeW lead sZiWch Wo paddles (or lead I, II, or III if moniWor leads are Xsed).
3. SelecW adhesiYe pads or paddles; Xse Whe largesW pads or paddles WhaW can ÀW on Whe paWienW·s chesW ZiWhoXW

WoXching each oWher.
4. If Xsing paddles, appl\ condXcWiYe gel or pasWe. Be sXre cables are aWWached Wo Whe deÀbrillaWor.
5. PosiWion Whe adhesiYe pads on Whe paWienW·s chesW: righW anWerior chesW Zall and lefW a[illar\ posiWions. If Xsing

paddles, appl\ Àrm pressXre. If Whe paWienW has an implanWed pacemaker, do noW place Whe pads/paddles direcWl\
oYer Whe deYice. Be sXre WhaW o[\gen is noW direcWed oYer Whe paWienW·s chesW.

6. SelecW energ\ dose:
IniWial dose: 2 J/kg (accepWable range 2-4 J/kg)
SXbseqXenW doses: 4 J/kg or higher (noW Wo e[ceed 10 J/kg or sWandard adXlW dose)

7. AnnoXnce ´Charging deÀbrillaWor,µ and press Charge on Whe deÀbrillaWor conWrols or ape[ paddle. ConWinXe chesW
compressions dXring charging Xnless charging occXrs immediaWel\.

8. When Whe deÀbrillaWor is fXll\ charged, sWaWe a Àrm chanW, sXch as ´I am going Wo shock on 3.µ Then coXnW. This
chanW can be shorWened Wo ´Clear for shock.µ (ConWinXe chesW compressions XnWil Whis annoXncemenW.)

9. AfWer conÀrming all personnel are clear of Whe paWienW, press Whe Shock bXWWon on Whe deÀbrillaWor or press Whe 2
paddle discharge bXWWons simXlWaneoXsl\.

10. ImmediaWel\ afWer shock deliYer\, resXme CPR beginning ZiWh compressions for 5 c\cles (aboXW 2 minXWes), and
When recheck Whe rh\Whm. Minimi]e inWerrXpWions Wo compressions.

Perform CPR for 2 minXWes

EsWablish IV/IO access

² ResXme CPR immediaWel\ afWer Whe shock, beginning ZiWh chesW compressions. GiYe aboXW 2 minXWes of CPR.
(For 2 rescXers, Whis Zill be aboXW 10 c\cles of 15 compressions folloZed b\ 2 breaWhs.)

² While CPR is being performed, if \oX do noW alread\ haYe YascXlar access (IV/IO), anoWher member of Whe
resXsciWaWion Weam shoXld esWablish YascXlar access Wo geW read\ for medicaWions.

RoWaWe compressors
CalcXlaWe appropriaWe shock dose Wo adminisWer if VF/pVT persisWs
Prepare drXgs for adminisWraWion if indicaWed

VF/pVT becomes a ´nonshockableµ rh\Whm (as\sWole, PEA) or an organi]ed rh\Whm ZiWh a pXlse
A shockable rh\Whm (VF/pVT) persisWs



If PEA (an organi]ed rh\Whm ZiWhoXW a palpable pXlse) or as\sWole presenWs aW Whe rh\Whm check, resXme CPR
beginning ZiWh compressions and proceed Wo SWep 10.

If \oX doXbW Whe presence of a pXlse, immediaWel\ resXme CPR (SWep 10). ChesW compressions are Xnlikel\ Wo harm a
child ZiWh a sponWaneoXs rh\Whm and Zeak pXlses. If \oX don·W deWecW a SXlVe oU \oX aUe noW VXUe, UeVXme CPR.

PHUVLVWHQW VF/SVT (SWHS 5)

If Whe rh\Whm check reYeals a shockable rh\Whm (ie, persisWenW VF/pVT), prepare Wo deliYer a second shock ZiWh a
manXal deÀbrillaWor (4 J/kg) or AED. ResXme chesW compressions Zhile Whe deÀbrillaWor is charging. If IV/IO access is
esWablished, adminisWer epinephrine Zhile compressions conWinXe. Consider inserWing an adYanced airZa\ if one is noW
alread\ in place. Once Whe deÀbrillaWor charges, ´clearµ Whe paWienW and deliYer Whe shock (SWep 5).

ResXme CPR ZiWh chesW compressions immediaWel\ afWer shock deliYer\ (SWep 6). A differenW compressor shoXld
perform Whe compressions (ie, compressors shoXld roWaWe eYer\ 2 minXWes). GiYe aboXW 2 minXWes of CPR. (For 2
rescXers, Whis Zill be aboXW 10 c\cles of 15 compressions folloZed b\ 2 breaWhs.)

GLYH HSLQHSKULQH (SWHS 6)

If VF/pVT persisWs, adminisWer epinephrine eYer\ 3 Wo 5 minXWes as soon as IV/IO access is aYailable Zhile
compressions conWinXe. For Whe IV/IO roXWe, giYe epinephrine 0.01 mg/kg (0.1 mL/kg of Whe 0.1 mg/mL concenWraWion)
dose. For Whe ET roXWe, giYe epinephrine 0.1 mg/kg (0.1 mL/kg of Whe 1 mg/mL concenWraWion) dose. RepeaW
epinephrine eYer\ 3 Wo 5 minXWes of cardiac arresW. This Zill generall\ resXlW in epinephrine deliYer\ afWer eYer\ second
(ie, eYer\ oWher) rh\Whm check.

The PediaWric Cardiac ArresW AlgoriWhm does noW sWaWe a speciÀc Wime for deliYering Whe ÀrsW dose of epinephrine.
HoZeYer, Whe 2020 AHA GXidelineV foU CPR and ECC sWaWes WhaW Whe earlier epinephrine is adminisWered afWer CPR
iniWiaWion, Whe more likel\ Whe paWienW is Wo sXrYiYe. The 2020 GXidelines also sWaWe WhaW for pediaWric paWienWs in an\
seWWing, iW is reasonable Wo adminisWer Whe iniWial dose of epinephrine ZiWhin 5 minXWes afWer Whe sWarW of chesW
compressions.

A proYider ma\ choose Wo adminisWer epinephrine before or afWer Whe second shock. When proYiders idenWif\ VF/pVT
dXring Whe rh\Whm check, Whe\ can adminisWer epinephrine dXring Whe CPR WhaW precedes (dXring charging) or
immediaWel\ folloZs Whe shock deliYer\. ConYersel\, if an organi]ed rh\Whm is presenW dXring Whe rh\Whm check, iW is
reasonable Wo check for a pXlse Wo aYoid an Xnnecessar\ dose of epinephrine becaXse iW can prodXce adYerse effecWs.
For e[ample, if Whe iniWial VF/pVT Zas relaWed Wo a cardiom\opaWh\, m\ocardiWis, or drXg Wo[iciW\, epinephrine
adminisWraWion immediaWel\ afWer eliminaWing VF/pVT coXld indXce recXrrenW VF/pVT.

MedicaWiRQ AdPiQiVWUaWiRQ DXUiQg CPR

Ideall\, adminisWer IV/IO medicaWions dXUing comSUeVVionV becaXse blood ÁoZ generaWed b\ compressions helps Wo
circXlaWe Whe drXgs. The 2020 AHA GXidelineV foU CPR and ECC recommends adminisWering medicaWion dXring
compressions, Wo aYoid dela\ing shock deliYer\ and so WhaW Whe drXgs haYe Wime Wo circXlaWe before Whe ne[W rh\Whm
check.

Team members responsible for resXsciWaWion drXgs shoXld prepare Whe ne[W drXg dose WhaW mighW be needed afWer Whe
ne[W rh\Whm check. All Weam members shoXld be familiar ZiWh Whe PediaWric Cardiac ArresW AlgoriWhm and refer Wo iW
dXring Whe resXsciWaWion aWWempW Wo anWicipaWe Whe ne[W inWerYenWions. Make drXg Wables, charWs, or oWher references
readil\ aYailable Wo e[pediWe Whe calcXlaWion of drXg doses. Using a color-coded lengWh-based resXsciWaWion Wape can
help rapidl\ esWimaWe appropriaWe drXg doses.

AdminisWering resXsciWaWion drXgs b\ Whe ET roXWe resXlWs in loZer blood concenWraWions Whan Whe same dose giYen
inWraYascXlarl\ or b\ IO roXWe. SWXdies also sXggesW WhaW Whe loZer epinephrine concenWraWion achieYed Zhen Whe drXg
is deliYered b\ Whe ET roXWe ma\ prodXce WransienW ћ-adrenergic effecWs (raWher Whan Whe desired њ-adrenergic
YasoconsWricWiYe effecWs). The ћ-adrenergic effecWs can be deWrimenWal and caXse h\poWension, loZer coronar\ arWer\
perfXsion pressXre and ÁoZ, and redXce poWenWial for ROSC. AnoWher disadYanWage of ET drXg deliYer\ is WhaW
proYiders mXsW inWerrXpW chesW compressions for drXg deliYer\ b\ Whis roXWe.

IQVeUWiQg aQ AdYaQced AiUZa\ DXUiQg CPR

Perform CPR for 2 minXWes
AdminisWer epinephrine eYer\ 3 Wo 5 minXWes
Consider an adYanced airZa\



The Team Leader Zill deWermine Whe besW Wime for ET inWXbaWion or inserWing anoWher adYanced airZa\. BecaXse
inserWing an adYanced airZa\ Zill likel\ inWerrXpW chesW compressions, Whe Team Leader mXsW Zeigh Whe relaWiYe
beneÀWs of Whe adYanced airZa\ Ys beneÀWs of minimi]ing inWerrXpWions in compressions. If \oX mXsW inserW an
adYanced airZa\, carefXll\ plan and organi]e sXpplies and personnel Wo minimi]e Whe Wime WhaW compressions are
inWerrXpWed. Once \oX inserW Whe adYanced airZa\, conÀrm WhaW iW is in Whe correcW posiWion.

When an adYanced airZa\ is in place dXring CPR, proYide conWinXoXs chesW compressions. Refer Wo Whe CriWical
ConcepWs bo[ CPR WiWh an AdYanced AirZa\.

CUiWical CRQceSWV: CPR WiWh aQ AdYaQced AiUZa\
Once an adYanced airZa\ (eg, ET WXbe) is in place, change Whe CPR seqXence from ´c\clesµ Wo conWinXoXs chesW
compressions and a regXlar YenWilaWion raWe. While one Weam member compresses Whe chesW aW a raWe of 100 Wo
120/min, anoWher Weam member YenWilaWes ZiWh 1 breaWh eYer\ 2 Wo 3 seconds (a raWe of aboXW 20-30 breaWhs per
minXWe).
Compressors shoXld roWaWe eYer\ 2 minXWes Wo redXce rescXer faWigXe and proYide high-qXaliW\ chesW compressions
WhroXghoXW Whe resXsciWaWion. LimiW inWerrXpWions of chesW compressions Wo Whe minimXm reqXired for rh\Whm checks
and shock deliYer\. HoZeYer, proYiders ma\ modif\ Whis seqXence in special seWWings (eg, an inWensiYe care XniW) ZiWh
conWinXoXs ECG and hemod\namic moniWoring in place.

CKHFN UK\WKP (SWHS 7)

AfWer 2 minXWes of CPR and epinephrine adminisWraWion, recheck Whe rh\Whm. Tr\ Wo limiW inWerrXpWions in chesW
compressions for rh\Whm checks Wo less Whan 10 seconds. If Whe rh\Whm check reYeals WerminaWion of VF/pVT, check for
an organi]ed rh\Whm.

HoZeYer, if Whe rh\Whm check reYeals persisWence of VF/pVT, go Wo SWep 8.

FRU SHUVLVWHQW VF/SVT (SWHS 8)

DHOLYHU VKRFN

If VF/pVT persisWs, deliYer 1 shock b\ manXal deÀbrillaWor (4 J/kg or more, Xp Wo 10 J/kg or Whe ma[imXm adXlW dose)
or AED. Perform chesW compressions, if possible, Zhile Whe deÀbrillaWor is charging. Once Whe deÀbrillaWor charges,
´clearµ Whe YicWim and deliYer Whe shock.

ImmediaWel\ afWer Whe shock, resXme CPR, beginning ZiWh chesW compressions. GiYe aboXW 2 minXWes of CPR. (For 2
rescXers, Whis Zill be aboXW 10 c\cles of 15 compressions folloZed b\ 2 breaWhs.)

AQWLaUUK\WKPLF PHGLFaWLRQV (SWHS 8)

ImmediaWel\ afWer resXming chesW compressions, adminisWer amiodarone or lidocaine. GiYe amiodarone 5 mg/kg IV/IO
bolXs; \oX ma\ repeaW 5 mg/kg IV/IO bolXs Xp Wo 3 WoWal doses for refracWor\ VF/pXlseless VT, or giYe lidocaine IV/IO
aW an iniWial 1 mg/kg loading dose. If Worsades de poinWes presenWs, giYe magnesiXm 25 Wo 50 mg/kg IV/IO bolXs,
ma[imXm dose 2 g.

SXPPaU\ Rf Whe VF/SVT SeTXeQce

FigXre 23 sXmmari]es Whe recommended seqXence of CPR, rh\Whm checks, shocks, and adminisWraWion of drXgs for
VF/pVT based on e[perW consensXs.

FLJXUH 23. SXPPDU\ RI WKH
9F/S97 FDUGLDF DUUHVW

No organi]ed rh\Whm (as\sWole/PEA): Go Wo SWep 12.
Organi]ed rh\Whm: Check pXlse.
² If Where are signs of ROSC, go Wo Whe PosW²Cardiac ArresW Care ChecklisW (in ParW 13).
² If no signs of ROSC, go Wo SWep 10.



VHTXHQFH.

Think of managing pXlseless arresW ZiWh VF/pVT as proYiding nearl\ conWinXoXs CPR. Ideall\, inWerrXpW CPR for onl\
brief periods, sXch as for rh\Whm checks and shock deliYer\. DrXg preparaWion and adminisWraWion do noW reqXire
inWerrXpWing CPR and shoXld noW dela\ shock deliYer\.

Prepare Whe ne[W drXg before rh\Whm check. AdminisWer drXg dXring chesW compressions, as soon as possible afWer Whe
rh\Whm check conÀrms VF/pVT. Do noW dela\ shock. ConWinXe CPR Zhile Whe drXgs are prepared and adminisWered
and Whe deÀbrillaWor is charging. Ideall\, inWerrXpW chesW compressions onl\ for YenWilaWion (XnWil adYanced airZa\ is
placed), rh\Whm check, and acWXal shock deliYer\.

NRQVKRFNaEOH UK\WKP (AV\VWROH/PEA, SWHS 9)

If Whe rh\Whm is nonshockable, as\sWole or PEA ma\ be presenW. Managing Whis rh\Whm is oXWlined on Whe As\sWole/PEA
paWhZa\ of Whe PediaWric Cardiac ArresW AlgoriWhm (FigXre 21). If VF deYelops dXring Whe resXsciWaWion aWWempW, reWXrn
Wo Whe VF/pVT side of Whe PediaWric Cardiac ArresW AlgoriWhm (SWep 5 or 7).

EVWaEOLVK YaVFXOaU aFFHVV (SWHS 10)

For WreaWing as\sWole or PEA, proYide high-qXaliW\ CPR, deliYer epinephrine as soon as possible, and Wr\ Wo idenWif\
and WreaW poWenWiall\ reYersible caXses of Whe arresW.

ConWinXe high-qXaliW\ CPR for aboXW 2 minXWes. DXring Whis Wime, esWablish YascXlar (IV/IO) access and consider
adYanced airZa\ placemenW and capnograph\. As soon as \oX esWablish YascXlar access, giYe a bolXs of epinephrine
dXring chesW compressions. For Whe IV/IO roXWe, giYe 0.01 mg/kg (0.1 mL/kg of Whe 0.1 mg/mL concenWraWion) dose.
For Whe ET roXWe, giYe 0.1 mg/kg (0.1 mL/kg of Whe 0.1 mg/mL concenWraWion) dose. AdminisWer epinephrine eYer\ 3 Wo
5 minXWes if cardiac arresW persisWs. This generall\ resXlWs in epinephrine adminisWraWion afWer eYer\ second (ie, eYer\
oWher) rh\Whm check.

CKHFN UK\WKP

AfWer aboXW 2 minXWes of CPR, check Whe rh\Whm. If Whe rh\Whm is shockable, go Wo SWep 7, bXW if iW is nonshockable, go
Wo SWep 11.

NRQVKRFNaEOH UK\WKP (SWHS 11)

If Whe rh\Whm check reYeals a nonshockable rh\Whm, resXme CPR immediaWel\, beginning ZiWh chesW compressions,
and WreaW poWenWiall\ reYersible caXses of cardiac arresW (recall Whe H·s and T·s mnemonic). AfWer anoWher 2 minXWes of
CPR, check Whe rh\Whm. If iW is organi]ed, check for a pXlse. If ROSC, go Wo Whe PosW²Cardiac ArresW Care ChecklisW
(see ParW 13). If Where are no signs of ROSC, go Wo SWep 10. If a shockable rh\Whm presenWs aW an\ Wime, go Wo SWep 7.

SXPPaU\ Rf AV\VWRle/PEA TUeaWPeQW SeTXeQce

FigXre 24 sXmmari]es Whe recommended CPR seqXence, based on e[perW consensXs, of rh\Whm checks, shocks, and
drXg deliYer\ for as\sWole and PEA.

FLJXUH 24. CDUGLDF DUUHVW
WUHDWPHQW VHTXHQFH:
DV\VWROH DQG PEA.

Managing an\ pXlseless arresW inclXdes proYiding nearl\ conWinXoXs CPR, inWerrXpWed b\ onl\ brief rh\Whm checks. Do
noW inWerrXpW CPR for drXg preparaWion and adminisWraWion. AdminisWer IV/IO drXgs dXring chesW compressions. Refer Wo
Whe CriWical ConcepWs bo[ CPR WiWh an AdYanced AirZa\ earlier in Whis ParW.

If \oX deWecW a shockable rh\Whm aW an\ rh\Whm check, refer Wo FigXre 23.

IdeQWif\iQg aQd TUeaWiQg PRWeQWiall\ ReYeUVible CaXVeV Rf CaUdiac AUUeVW



The oXWcome of h\po[ic-ischemic pediaWric cardiac arresW is generall\ poor. Rapid recogniWion, immediaWe high-qXaliW\
CPR, and correcWing conWribXWing facWors and poWenWiall\ reYersible caXses offer Whe besW chance for a sXccessfXl
resXsciWaWion. If \oX can qXickl\ idenWif\ Whe condiWion and WreaW iW, \oXr resXsciWaWiYe efforWs ma\ be sXccessfXl.

When searching for poWenWiall\ reYersible caXses or conWribXWing facWors, do Whe folloZing:

ROSC

If resXsciWaWiYe efforWs sXccessfXll\ resWore an organi]ed rh\Whm (or \oX Ànd oWher eYidence of ROSC, sXch as an
abrXpW and sXsWained increase in PETCO2 or Yisible pXlsaWions on an arWerial ZaYeform), check Whe child·s pXlse for a
perfXsing rh\Whm. If a pXlse is presenW, conWinXe ZiWh posW²cardiac arresW care.

PediaWUic CaUdiac AUUeVW: SSecial CiUcXPVWaQceV

The folloZing special circXmsWances resXlWing in pediaWric cardiac arresW reqXire speciÀc managemenW:

CaUdiac AUUeVW DXe WR TUaXPa

TraXma-associaWed cardiac arresW in children represenWs a signiÀcanW sXbgroXp of pediaWric OHCAs. Improper
resXsciWaWion (inclXding inadeqXaWe YolXme resXsciWaWion) is a major caXse of preYenWable pediaWric WraXma deaWhs.
DespiWe rapid and effecWiYe oXW-of-hospiWal and WraXma cenWer response, Whe sXrYiYal raWe is loZ for pediaWric OHCA
dXe Wo WraXma and Yer\ loZ for pediaWric OHCA dXe Wo blXnW WraXma. FacWors WhaW ma\ improYe oXWcome from
WraXmaWic OHCA inclXde WreaWable peneWraWing injXries and prompW WransporW (W\picall\ 10 minXWes or less) Wo a WraXma
care faciliW\.

TraXmaWic cardiac arresW in children has mXlWiple possible caXses, inclXding

Basic and adYanced life sXpporW WechniqXes for Whe pediaWric WraXma YicWim in cardiac arresW are fXndamenWall\ Whe
same as for Whe child ZiWh nonWraXmaWic cardiac arresW: sXpporW of circXlaWion, airZa\, and breaWhing. The focXs of a
resXsciWaWion aWWempW in an oXW-of-hospiWal seWWing is Wo

The folloZing is a sXmmar\ of ke\ managemenW principles for WraXmaWic cardiac arresW in children (Table 24).

7DEOH 24. MDQDJLQJ 7UDXPDWLF CDUGLDF AUUHVW

EnsXre WhaW high-qXaliW\ CPR is being proYided.
Check WhaW Whe adYanced airZa\ is open/paWenW and effecWiYe.
Verif\ WhaW Whe bag-mask deYice is connecWed Wo a soXrce of high-ÁoZ O2.
EnsXre WhaW YenWilaWion prodXces Yisible chesW rise ZiWhoXW e[cessiYe YolXme or raWe.
Consider poWenWiall\ reYersible caXses b\ recalling Whe H·s and T·s lisWed in ParW 5.

TraXma
DroZning
Anaph\la[is
Poisoning
CongeniWal hearW disease: single YenWricle
PXlmonar\ h\perWension

H\po[ia secondar\ Wo respiraWor\ arresW, airZa\ obsWrXcWion, or Wracheobronchial injXr\
InjXr\ Wo YiWal sWrXcWXres (eg, hearW, aorWa, pXlmonar\ arWeries)
SeYere brain injXr\ ZiWh secondar\ cardioYascXlar collapse
Upper cerYical spinal cord injXr\ ZiWh respiraWor\ arresW, Zhich ma\ be accompanied b\ spinal shock, progressing
Wo cardiac arresW
Diminished cardiac oXWpXW or PEA from Wension pneXmoWhora[, cardiac Wamponade, or massiYe hemorrhage

ProYide high-qXaliW\ CPR, if needed
MainWain adeqXaWe airZa\, YenWilaWion, and circXlaWion
AnWicipaWe airZa\ obsWrXcWion b\ denWal fragmenWs, blood, or oWher debris (Xse a sXcWion deYice, if necessar\)
Minimi]e cerYical spine moWion (if indicaWed), Zhile opening Whe airZa\ and proYiding YenWilaWion
ConWrol e[Wernal bleeding ZiWh pressXre b\ Xsing a WoXrniqXeW and/or hemosWaWic dressings as indicaWed
Minimi]e inWerYenWions WhaW dela\ WransporW Wo deÀniWiYe care
TransporW infanWs and children ZiWh mXlWis\sWem WraXma Wo a WraXma cenWer ZiWh pediaWric e[perWise
EsWablish IV/IO access and iniWiaWe YolXme resXsciWaWion as needed



THFKQLTXH IQWHUYHQWLRQ

CPR

ALUZD\

BUHDWKLQJ

CLUFXODWLRQ

CaUdiac AUUeVW DXe WR DURZQiQg

ImmediaWe high-TXaliW\ CPR iV Whe Vingle moVW imSoUWanW facWoU inÁXencing VXUYiYal in dUoZning (Table 25). YoX ma\
haYe difÀcXlW\ performing chesW compressions Zhile Whe YicWim is sWill in Whe ZaWer, bXW \oX can YenWilaWe immediaWel\ if
\oX are Wrained Wo do so. SWarW chesW compressions as soon as \oX can do so safel\, and Zhen Whe child is l\ing
faceXp on a Àrm sXrface.

7DEOH 25. MDQDJLQJ CDUGLDF AUUHVW DXH WR DURZQLQJ

THFKQLTXH IQWHUYHQWLRQ

CPR

ALUZD\

BUHDWKLQJ

CLUFXODWLRQ

E[SRVXUH

E[cepW for consideraWion of cerYical spine injXr\ and h\poWhermia as conWribXWing facWors, BLS and adYanced life
sXpporW WechniqXes for cardiac arresW dXe Wo droZning are fXndamenWall\ Whe same as for oWher children in cardiac
arresW: sXpporW of airZa\, breaWhing, and circXlaWion. RescXers shoXld remoYe droZning YicWims from Whe ZaWer and
begin Whe resXsciWaWion aWWempW as qXickl\ as possible.

In h\poWhermia-associaWed cardiac arresW, iW is ofWen difÀcXlW Wo knoZ Zhen Wo WerminaWe resXsciWaWiYe efforWs. VicWims of
droZning in ic\ ZaWer can possibl\ sXrYiYe afWer prolonged sXbmersion (as long as 40 minXWes) and CPR (longer Whan
2 hoXrs). When droZning occXrs in ic\ ZaWer, e[perWs recommend reZarming Wo a core WemperaWXre of aW leasW 30�C
before abandoning CPR efforWs. The hearW ma\ noW respond Wo resXsciWaWiYe efforWs XnWil iW achieYes Whis core
WemperaWXre.

Perform high-qualit\ CPR.
Attach a monitor/deÀbrillator.
Provide deÀbrillation as needed.
Control visible hemorrhage with direct pressure or tourniquet.

Open and maintain the airwa\ b\ using a jaw-thrust maneuver.
Restrict cervical spine motion b\ manuall\ stabili]ing the head and neck if cervical spine
injur\ is suspected.

Avoid e[cessive ventilation.
Ventilate with a bag-mask device using 100% O2; use a 2-person bag-mask ventilation
technique to maintain manual stabili]ation of the head and neck (if spinal motion restriction
is indicated).
If an advanced airwa\ is inserted, 1 rescuer should stabili]e the head and neck in a neutral
position (if spinal motion restriction is indicated).
Perform unilateral or bilateral needle decompressions for suspected tension
pneumothora[es.
Seal an\ signiÀcant open pneumothora[ and insert a thoracotom\ tube.

Assume that the patient is h\povolemic; establish IV/IO access and replace Áuids rapidl\
(dR nRW Slace an IO in an\ bRne WhaW mighW be fUacWXUed). Consider non-crossmatched t\pe
O-negative blood for female patients (and either O-negative or O-positive for male patients).
Consider pericardiocentesis for possible cardiac tamponade (if suspected).
Consider spinal shock (ie, loss of s\mpathetic innervation) resulting in Áuid-refractor\
h\potension and brad\cardia. Vasopressor therap\ is indicated if spinal shock is suspected.

Perform high-qualit\ CPR.
Attach a monitor/deÀbrillator; provide rapid deÀbrillation if needed.
If deÀbrillation is indicated and the chest is covered with water, quickl\ wipe the child·s chest
to minimi]e electrical arcing between the deÀbrillation pads or paddles.

Open the airwa\.
If there is reason to suspect a cervical spine injur\ (eg, diving injur\), restrict spinal motion.
If an advanced airwa\ is inserted, one rescuer should stabili]e the head and neck in a
neutral position.

Ventilate with a bag-mask device b\ using 100% O2.
Be prepared to suction the airwa\, because drowning victims often vomit swallowed water;
decompress the stomach with a nasogastric/orogastric tube after the advanced airwa\ is
inserted.

Continue high-qualit\ CPR if needed.

Evaluate core bod\ temperature and attempt rewarming if the child is severel\ h\pothermic
(core temperature <30�C).



E[Wracorporeal circXlaWion is Whe mosW rapid and effecWiYe WechniqXe for reZarming seYerel\ h\poWhermic cardiac arresW
YicWims afWer sXbmersion in ic\ ZaWer. AlWhoXgh \oX ma\ reZarm Whe paWienW ZiWh passiYe WechniqXes or bod\ caYiW\
irrigaWion in Whe oXW-of-hospiWal or commXniW\ hospiWal seWWing, \oX shoXld rapidl\ Wransfer Wo a faciliW\ WhaW is capable of
performing pediaWric ECPR/e[Wracorporeal membrane o[\genaWion.

CaUdiac AUUeVW DXe WR AQaSh\la[iV

Near-faWal anaph\la[is prodXces airZa\ edema and obsWrXcWion and profoXnd YasodilaWion, Zhich signiÀcanWl\
increases inWraYascXlar capaciW\ and prodXces relaWiYe h\poYolemia. Anaph\la[is ofWen accompanies
bronchoconsWricWion, Zhich compromises o[\genaWion and fXrWher impairs WissXe O2 deliYer\. If cardiac arresW
deYelops, proYide CPR as Whe primar\ Wherap\ and esWablish and mainWain an adeqXaWe airZa\, bolXs ÁXid
adminisWraWion, and epinephrine. Children ZiWh anaph\la[is are ofWen \oXng ZiWh healWh\ hearWs and cardioYascXlar
s\sWems. The\ ma\ respond Wo an airZa\ ZiWh adeqXaWe o[\genaWion and YenWilaWion and rapid correcWion of
YasodilaWion and loZ inWraYascXlar YolXme. EffecWiYe CPR ma\ mainWain sXfÀcienW O2 deliYer\ XnWil Whe caWasWrophic
effecWs of Whe anaph\lacWic reacWion resolYe.

Managing cardiac arresW WhaW resXlWs from anaph\la[is ma\ inclXde Whe folloZing criWical Wherapies (Table 26):

7DEOH 26. MDQDJLQJ CDUGLDF AUUHVW DXH WR AQDSK\OD[LV

THFKQLTXH IQWHUYHQWLRQ

CPR

ALUZD\

BUHDWKLQJ

CLUFXODWLRQ

AnWihisWamines and corWicosWeroids are considered adjXncWs in Whe WreaWmenW of anaph\la[is, ZiWh Yar\ing degrees of
eYidence Wo sXpporW Wheir Xse. In Whe seWWing of cardiac arresW dXe Wo anaph\la[is, Whe mosW imporWanW medicaWion Wo
giYe, and Wo conWinXe Wo giYe if indicaWed, is epinephrine. If ROSC is achieYed, adminisWering anWihisWamines or
corWicosWeroids, or boWh, can When be considered.

CaUdiac AUUeVW AVVRciaWed WiWh PRiVRQiQg

DrXg oYerdose or poisoning ma\ caXse cardiac arresW as a resXlW of direcW cardiac Wo[iciW\ or Whe secondar\ effecWs of
respiraWor\ depression, airZa\ obsWrXcWion and possible respiraWor\ arresW, peripheral YasodilaWion, arrh\Whmias, and
h\poWension. The poisoning YicWim ofWen has a healWh\ m\ocardiXm, bXW Wemporar\ cardiac d\sfXncWion ma\ be
presenW XnWil Whe effecWs of Whe drXg or Wo[in haYe been reYersed or meWaboli]ed. This Wakes a Yariable amoXnW of Wime,
ofWen seYeral hoXrs, depending on Whe naWXre of Whe Wo[in, drXg, or poison. BecaXse Whe Wo[iciW\ ma\ be Wemporar\,
prolonged resXsciWaWion efforWs and Xse of adYanced sXpporW WechniqXes sXch as e[Wracorporeal life sXpporW ma\ resXlW
in good long-Werm sXrYiYal.

IniWiaWe adYanced life sXpporW measXres according Wo Whe PediaWric Cardiac ArresW AlgoriWhm. Check glXcose as soon
as possible. If Whe paWienW is in cardiac arresW and h\pogl\cemic (eg, from a ћ-blocker or alcohol oYerdose), normali]e
glXcose as soon as possible Wo improYe Whe chances of a sXccessfXl cardiac and neXrologic oXWcome. PALS WreaWmenW
for YicWims of a sXspecWed poisoning shoXld inclXde searching for and WreaWing reYersible caXses. We recommend
earl\ consXlWaWion ZiWh a poison conWrol cenWer or Wo[icologisW.

CRQgeQiWal HeaUW DiVeaVe: SiQgle VeQWUicle

While Whe preYalence of comple[ c\anoWic congeniWal hearW disease in children is loZ, Whose ZiWh single YenWricle
(WricXspid/pXlmonar\ aWresia, h\poplasWic lefW hearW s\ndrome, and Wheir YarianWs) represenW a large proporWion of
children Zho haYe cardiac arresW, parWicXlarl\ in Whe in-hospiWal seWWing. More infanWs and children are sXrYiYing afWer
palliaWiYe sXrgical procedXres; Whese paWienWs ma\ reqXire resXsciWaWion posWoperaWiYel\ or dXring readmission for
criWical illness.

Perform high-qualit\ CPR and rapid deÀbrillation as needed.

Open and maintain the airwa\ b\ using manual maneuvers.
If \ou perform ET intubation, be prepared for possible airwa\ edema and the need to use a
smaller ET tube than predicted b\ the child·s age or length.

Perform bag-mask ventilation using 100% O2 until an advanced airwa\ is inserted.

Administer boluses of isotonic cr\stalloid as needed to treat shock. Insert 2 large-bore IVs or
2 IO catheters.
Administer epinephrine in standard doses (0.01 mg/kg IV/IO [0.1 mL/kg of 0.1 mg/mL
concentration]) or via the ET tube if \ou cannot obtain vascular access (0.1 mg/kg [0.1
mL/kg of 1 mg/mL concentration]) ever\ 3-5 minutes during cardiac arrest.
Infuse with epinephrine as needed.



Single-YenWricle ph\siolog\ is comple[ and Yaries ZiWh Whe speciÀc lesion and sWage of sXrgical repair. Therefore, iW is
imporWanW Wo obWain a hisWor\ from Whe careWakers Wo deWermine Whe child·s baseline hemod\namic sWaWXs and arWerial O2
saWXraWion. DXring cardiac arresW, sWandard resXsciWaWion care is indicaWed for all infanWs ZiWh single-YenWricle anaWom\
afWer sWage I (NorZood) palliaWion or Whose ZiWh a XniYenWricXlar hearW and aorWopXlmonar\ shXnW Wo proYide pXlmonar\
blood ÁoZ. In addiWion Wo sWandard resXsciWaWion, speciÀc measXres inclXde Whe folloZing:

PXlPRQaU\ H\SeUWeQViRQ

In pXlmonar\ h\perWension, increased resisWance Wo blood ÁoZ WhroXgh Whe lXngs ma\ impair cardiac oXWpXW, so folloZ
sWandard PALS recommendaWions dXring cardiac arresW. OWher measXres inclXde Whe folloZing:

CUiWical CRQceSWV: ECPR
YoX ma\ consider ECPR for pediaWric paWienWs ZiWh cardiac diagnoses Zho haYe IHCA in seWWings ZiWh e[isWing
e[Wracorporeal membrane o[\genaWion proWocols, e[perWise, and eqXipmenW. While eYidence shoZs no oYerall beneÀW
Wo Xsing ECPR, obserYaWional daWa from a regisWr\ of pediaWric IHCA shoZed improYed sXrYiYal Wo hospiWal discharge
ZiWh Whe Xse of ECPR in paWienWs ZiWh sXrgical cardiac diagnoses. For children ZiWh Xnderl\ing cardiac disease, Zhen
ECPR is iniWiaWed in a criWical care seWWing, long-Werm sXrYiYal has been reporWed afWer prolonged CPR. When \oX Xse
ECPR dXring cardiac arresW, Whe oXWcome for children ZiWh Xnderl\ing cardiac disease is beWWer Whan for Whose ZiWh
noncardiac disease.

Consider adminisWering heparin for children ZiWh aorWopXlmonar\ or righW YenWricXlar-pXlmonar\ arWer\ shXnW if \oX
are concerned aboXW shXnW openness/paWenc\.
AfWer resXsciWaWion, WiWraWe adminisWered O2 Wo achieYe an O2 saWXraWion appropriaWe Wo mainWain Whe opWimXm
pXlmonar\-Wo-s\sWemic blood ÁoZ raWio and adeqXaWe s\sWemic perfXsion and o[\genaWion (mXsW be indiYidXali]ed
for each paWienW).
Do noW rel\ on PETCO2 Wo indicaWe CPR qXaliW\ in a single-YenWricle paWienW becaXse pXlmonar\ blood ÁoZ in Whese
paWienWs does noW alZa\s reÁecW cardiac oXWpXW (ie, iW is inÁXenced b\ addiWional facWors).
Consider permissiYe h\poYenWilaWion sWraWegies or eYen negaWiYe-pressXre YenWilaWion in Whe periarresW sWaWe Wo
improYe cardiac oXWpXW.
Consider e[Wracorporeal life sXpporW or e[Wracorporeal membrane o[\genaWion for paWienWs in cardiac arresW Zho
haYe Xndergone sWage I palliaWion (NorZood) or FonWan-W\pe procedXres.

CorrecW h\percarbia and acidosis if presenW.
Consider giYing a bolXs of isoWonic cr\sWalloid (eg, normal saline) Wo mainWain YenWricXlar preload.
If Whe paWienW receiYed pXlmonar\ YasodilaWors sXch as niWric o[ide or prosWac\clin immediaWel\ before Whe arresW, be
sXre WhaW drXg adminisWraWion conWinXes.
Consider adminisWering inhaled niWric o[ide or prosWac\clin (or IV prosWac\clin) Wo redXce pXlmonar\ YascXlar
resisWance.
Consider insWiWXWing ECPR earl\ dXring resXsciWaWion.



PaUW 6: EffecWiYe High-PeUfRUPaQce TeaP D\QaPicV

Although a single CPR-trained bystander can resuscitate a patient within the Àrst moments after collapse, most
attempts require the concerted efforts of multiple healthcare providers to perform various interventions simultaneously.
Effective teamwork divides the tasks while multiplying the chances of a successful outcome.

Successful high-performance teams not only have medical expertise and mastery of resuscitation skills, but they also
demonstrate effective communication and team dynamics. This Part discusses the importance of team roles,
behaviors of effective Team Leaders and team members, and elements of effective high-performance team dynamics.

LeaUQLQg ObMecWLYe

After completing this Part, you should be able to apply high-performance team dynamics to increase your patients·
chance of survival.

During the course you will participate as both the Team Leader and a team member during case simulations,
modeling the behaviors discussed in this Part.

CULWLcaO CRQceSWV: UQdeUVWaQdLQg TeaP RROeV
Whether you are a team member or Team Leader during a resuscitation attempt, you should understand your role and
other team members· roles. This will help you anticipate

RROeV LQ a HLgK-PeUfRUPaQce TeaP

TeaP LeadeU RROe

Every high-performance team needs a leader to organize group efforts and make sure everything is done at the right
time in the right way by monitoring and integrating individual team members· performances.

The Team Leader also models excellent team behavior and leadership skills for the team and others involved or
interested in the resuscitation attempt and serves as a teacher or guide to help train future Team Leaders and
improve team effectiveness. After resuscitation, the Team Leader can facilitate analysis, critique, and practice to
prepare for the next resuscitation attempt. The Team Leader also helps team members understand why they must
perform certain tasks in a speciÀc way.

The Team Leader should be able to explain the importance of

Whereas members of a high-performance team should focus on their individual tasks, the Team Leader must focus on
comprehensive patient care.

TeaP MePbeU RROeV

Members of a high-performance team must be proÀcient in performing the skills authorized by their scope of practice.
For a resuscitation attempt to be successful, team members should be

The actions that will be performed next
How to communicate and work as a team member or Team Leader

Pushing hard and fast in the center of the chest
Ensuring complete chest recoil
Minimizing interruptions in chest compressions
Avoiding excessive ventilation

Clear about role assignments
Prepared to fulÀll their role responsibilities
Well practiced in resuscitation skills



EOePeQWV Rf EffecWLYe HLgK-PeUfRUPaQce TeaP D\QaPLcV

COeaU RROeV aQd ReVSRQVLbLOLWLeV

Every team member should know his or her role and responsibilities. Each role is unique and critical to effective team
performance. Figure 25A identiÀes 6 team roles for resuscitation. When fewer than 6 people are present, prioritize
these tasks and assign them to the healthcare providers present. Figure 25B shows how multiple providers can take
on high-priority tasks seamlessly as more team members get to the patient.

Figure 25A. Suggested
locations of Team Leader
and team members during
case simulations and clinical
events.

Figure 25B. Time-sensitive,
priorit\-based multiple-
rescuer response. Times (in
seconds) ma\ var\ based on
circumstances, response
times, and local protocols.

*WiWh 2 RU PRUe UeVcXeUV, 1 heaOWhcaUe SURYideU VhRXOd aVVXPe Whe UROe Rf TeaP LeadeU.

When roles are unclear, team performance suffers. Signs of unclear roles include

For efÀciency, the Team Leader must clearly delegate tasks. Team members should communicate when and if they
can handle additional responsibilities, and the Team Leader should encourage team members to participate in
leadership and not simply follow directions blindly.

The Team Leader clearly deÀnes all team member roles in the clinical setting, making sure to assign tasks to all
available team members and distribute assignments evenly so that no one is left with too much to do and others with
too little. He or she should assign tasks to team members who are sure of their responsibilities. Correspondingly, team
members should request and perform clearly deÀned tasks appropriate to their level of competence or expertise.

KQRZLQg YRXU LLPLWaWLRQV

Knowledgeable about the algorithms
Committed to success

Performing the same task more than once
Missing essential tasks
Team members having multiple roles even if there are enough providers



Not only should everyone on the team know his or her own limitations and capabilities, but the Team Leader should
also be aware of them. This allows the Team Leader to evaluate team resources and call for backup when needed.
High-performance team members should anticipate these situations in which they might require assistance and inform
the Team Leader.

During the stress of an attempted resuscitation, do not practice or explore a new skill, especially without seeking
advice from more experienced personnel. If you need extra help, request it early rather than wait until the patient
deteriorates to the point that help is critical. Asking for help is not a sign of weakness or incompetence; it is better to
have more help than needed than not enough help, which might negatively affect patient outcome.

The Team Leader and team members should also accept offers from others to carry out an assigned task they are
unable to complete, especially if completing the task is essential.

CRQVWUXcWLYe IQWeUYeQWLRQV

During a resuscitation attempt, the Team Leader or a team member team may need to intervene against inappropriate
actions.

Because tactful constructive intervention is necessary, the Team Leader should avoid confrontation with team
members. Instead, he or she should conduct a debrieÀng afterward for constructive criticism. The Team Leader
should also ask that a different intervention be started if it has a higher priority and reassign a team member who is
trying to function beyond his or her skill level. Conversely, team members should conÀdently question a colleague
who is about to make a mistake and suggest an alternative drug or dose, if necessary.

CRPPXQLcaWLRQ

KQRZOedge SKaULQg

Sharing information is critical to effective team performance. Team Leaders may become trapped in a speciÀc
treatment or diagnostic approach, a common human error called a À[ation error. Examples of 3 common types of
Àxation errors are

When resuscitative efforts are ineffective, go back to the basics and talk as a team, with conversations like, ´Well,
we·ve observed the following on the Primary Assessment… Have we missed something?µ Members of a high-
performance team should inform the Team Leader of any changes in the patient·s condition to ensure that decisions
are made with all available information. The Team Leader and team members should all examine clinical signs that
are relevant to the treatment.

The Team Leader should encourage information sharing and ask for suggestions if the next best interventions are
unclear, ask for ideas for differential diagnoses, and ask if anything has been overlooked (eg, if IV access should have
been obtained or drugs should have been administered). Team members should share information with other team
members and the Team Leader.

SXPPaUL]LQg aQd ReeYaOXaWLQg

An essential role of the Team Leader is monitoring and reevaluating

The Team Leader should summarize this information out loud in periodic updates to the team. He or she should
review the status of the resuscitation attempt and announce the next few steps. However, the patient·s condition can
change, so the Team Leader should remain Áexible to changing treatment plans and revisiting the initial differential
diagnosis. When a change is needed, the Team Leader should inform arriving personnel of the current status and
plans for further action. He or she should ask for information and summaries from the Timer/Recorder as well.

The Team Leader should draw continuous attention to decisions about differential diagnoses and review or maintain
an ongoing record of drugs and treatments administered and the patient·s response. The Team Leader and team
members should clearly communicate signiÀcant changes in the patient·s clinical condition and increase monitoring
(eg, frequency or respirations and blood pressure) when the patient·s condition deteriorates.

´Everything is OK.µ
´This and only this is the correct path.µ
´Do anything but this.µ

The patient·s status
Interventions that have been performed
Assessment Àndings



CORVed-LRRS CRPPXQLcaWLRQ

When communicating with high-performance team members, the Team Leader should use closed-loop
communication by taking these steps:

The Team Leader should only give more tasks to a team member if the Team Leader has asked for or received
conÀrmation of a completed assignment. Correspondingly, team members should verbally conÀrm the order with the
Team Leader before giving drugs and should inform the Team Leader after giving the drug or performing the
procedure.

For example, the Team Leader assigns another task after receiving oral conÀrmation that a task has been completed,
such as, ´Now that the IV is in, give 1 mg of epinephrine.µ Team members close the loop by informing the Team
Leader when a task begins or ends, such as, ´The IV is in.µ

COeaU MeVVageV

Unclear communication can cause unnecessary treatment delays or medication errors. Therefore, all healthcare
providers should deliver clear, concise messages and orders in a calm, articulate, and direct manner without yelling or
shouting, which can impair effective high-performance team interaction. Only one person should talk at a time.

The Team Leader should encourage team members to speak clearly, and team members should repeat medication
orders and question an order if they have any doubts.

MXWXaO ReVSecW

The best high-performance teams comprise members who share a mutual respect for each other and work together in
a collegial, supportive manner. To have a high-performance team, everyone must abandon ego and respect each
other during the resuscitation attempt, regardless of any additional training or experience that the Team Leader or
speciÀc team members may have.

The Team Leader and team members should speak in a friendly, controlled tone of voice and avoid shouting or
displaying aggression if they are misunderstood initially. When one person raises his voice, others will respond
similarly, behave aggressively or confuse directive behavior with aggression, or be uninterested in others. Instead, the
Team Leader should acknowledge correctly completed assignments by saying, ´Thanks—good job!µ

1. The Team Leader gives a message, order, or assignment to a team member.
2. By receiving a clear response and eye contact, the Team Leader conÀrms that the team member heard and

understood the message.
3. The Team Leader listens for the team member to conÀrm task performance before assigning another task.



PaUW 7: Recogni]ing ReVSiUaWoU\ DiVWUeVV and FailXUe

Respiratory distress is deÀned as abnormal respirator\ rate or effort, encompassing a spectrum of signs from
tach\pnea with retractions to agonal gasps. It includes

PALS providers must identif\ respirator\ conditions that are treatable with simple measures, such as b\ clearing
airwa\ secretions or administering O2. Yet it ma\ be even more important to identif\ those respirator\ conditions that
are subtl\ but rapidl\ progressing toward respirator\ failure. These conditions require timel\ interventions with more
advanced airwa\ techniques (eg, assisted bag-mask ventilation).

In infants and children, respirator\ distress can quickl\ progress to respirator\ failure and Ànall\ to cardiac arrest.
Good outcome (ie, neurologicall\ intact survival to hospital discharge) is more likel\ after respirator\ arrest than after
cardiac arrest. Once the child with a respirator\ problem develops cardiac arrest, the outcome is often poor, so \ou
can greatl\ improve outcome b\ identif\ing and managing respirator\ distress and failure before the child deteriorates
to cardiac arrest.

Learning Objective

After completing this Part, \ou should be able to differentiate between respirator\ distress and failure.

You need to understand the concepts in this Part to be able to quickl\ identif\ signs of respirator\ distress and
respirator\ failure as well as be able to recogni]e respirator\ problems b\ t\pe so that \ou can choose appropriate
interventions.

Fundamental Issues Associated With Respirator\ Problems

Children with respirator\ problems have impaired o[\genation, ventilation, or both. This section discusses

Impaired O[\genaWion and VenWilaWion in RespiraWor\ Problems

Ph\ViRlRg\ Rf Whe ReVSiUaWRU\ S\VWem

The main function of the respirator\ s\stem is gas e[change, in which air is taken into the lungs with inspiration. From
there, O2 diffuses from the alveoli into the blood, where some O2 dissolves in plasma. Most O2 that enters the blood is
bound to hemoglobin. The percent of hemoglobin that is bound to O2 is called oxygen saturation. When blood passes
through the lungs, CO2 diffuses from the blood into the alveoli and is e[haled. Acute respirator\ problems can result
from alterations in an\ part of this s\stem, from the airwa\ to the alveoli (lung parench\ma). Central nervous s\stem
disease, such as sei]ures or head trauma, can impair respiration control, leading to decreased respirator\ rate.
Muscle weakness, either primar\ (eg, muscular d\stroph\) or secondar\ (eg, fatigue), ma\ also impair o[\genation or
ventilation.

Children have a high metabolic rate, so O2 demand per kilogram of bod\ weight is high. Therefore, h\po[emia and
tissue h\po[ia can develop more rapidl\ in a child than in an adult if apnea or inadequate alveolar ventilation occurs.

Respirator\ problems can result in

H\SR[emia (LRZ O[\geQ SaWXUaWiRQ)

Increased work of breathing
Inadequate respirator\ effort (eg, shallow respirations) or rate (brad\pnea)
Irregular breathing

Impaired o[\genation and ventilation
Ph\siolog\ of respirator\ disease

H\po[emia
H\percarbia
A combination of both h\po[emia and h\percarbia



Hypoxemia is deÀned as a decreased arterial o[\gen saturation detected b\ pulse o[imetr\ or directl\ measuring
o[\gen saturation in an arterial blood gas sample. It is generall\ deÀned as arterial o[\gen saturation below 94% in a
normal child breathing room air. Various conditions ma\ lower the threshold, such as altitude or c\anotic heart
disease. Permissive h\po[emia is a pulse o[imetr\ percentage of less than 94%, which ma\ be appropriate in certain
circumstances (eg, some cases of congenital heart disease).

It is important to distinguish between hypoxemia and tissue hypoxia. H\po[emia is low arterial O2 saturation (SaO2
less than 94%), while h\po[ia is a pathologic condition in which the bod\ as a whole (generalized hypoxia) or a region
of the bod\ (tissue hypoxia) is deprived of an adequate o[\gen suppl\. Note that h\po[emia does not necessaril\
lead to tissue h\po[ia and that tissue h\po[ia ma\ occur when arterial o[\gen saturation is normal. For e[ample,
when h\po[emia is chronic (eg, unrepaired c\anotic heart disease), compensator\ increases in blood Áow (ie,
increased cardiac output) or hemoglobin concentration (pol\c\themia) increase the O2-carr\ing capacit\ of the blood
and help maintain arterial O2 content at near-normal concentrations despite hemoglobin saturation being low. This
can help maintain o[\gen deliver\ and tissue o[\genation even when h\po[emia is present. Conversel\, if tissue
perfusion is poor or the patient has severe anemia, tissue h\po[ia ma\ occur with normal arterial o[\gen saturation.

In response to tissue h\po[ia, the child ma\ initiall\ compensate b\ increasing respirator\ rate and depth, or
h\perventilate. Hyperventilation refers to increased alveolar ventilation resulting in a decrease in PaCO2 to less than
35 mm Hg. This ma\ be caused b\ an increased respirator\ rate, increased tidal volume, or combination of both. To
ensure that PaCO2 does not decrease below 30 mm Hg, \ou must use capnograph\ to guide h\perventilation.
Tach\cardia ma\ also develop in response to h\po[emia to increase cardiac output. As tissue h\po[ia worsens, these
signs of cardiopulmonar\ distress become more severe (Table 27).

TabOH 27. SLJQV RI TLVVXH H\SR[La

EaUO\ VLJQV RI WLVVXH K\SR[La LaWH VLJQV RI WLVVXH K\SR[La

Fast respirator\ rate (tach\pnea) Slow respirator\ rate (brad\pnea), inadequate respirator\ effort,
apnea

Increased respirator\ effort: nasal Áaring, retractions Increased respirator\ effort: head bobbing, seesaw
respirations, grunting

Tach\cardia Brad\cardia

Pallor, mottling, c\anosis* Pallor, mottling, c\anosis*

Agitation, anxiet\, irritabilit\ Decreased level of consciousness

*Pallor, mottling, and c\anosis can appear as both earl\ and late signs.

CUiWical CRQceSWV: AUWeUial O2 CRQWeQW
Arterial O2 content is the total amount of O2 carried in the blood (in milliliters O2 per deciliter of blood). It is the sum of
the quantit\ of O2 bound to hemoglobin plus the O2 dissolved in arterial blood. O2 content is determined largel\ b\ the
hemoglobin (Hgb) concentration (grams per deciliter) and its saturation with O2 (SaO2). Use the following equation to
calculate arterial O2 content: AUWHULaO O2 CRQWHQW = [1.36 ð HJb cRQcHQWUaWLRQ ð SaO2] + (0.003 ð PaO2)

Under normal conditions, dissolved O2 (0.003 ð PaO2) is an inconsequential portion of the total arterial O2 content. But
an increase in dissolved O2 can produce a relativel\ signiÀcant increase in arterial O2 content for a child with severe
anemia.

H\po[emia can be caused b\ several different mechanisms leading to respirator\ distress and failure (Table 28).

TabOH 28. MHcKaQLVPV RI H\SR[HPLa

FacWRU CaXVHV MHcKaQLVP TUHaWPHQW

LRZ aWPRVSKHULc PO2 High altitude (decreased
barometric pressure)

Decreased PaO2 Give supplemental O2

AOYHROaU K\SRYHQWLOaWLRQ Increased alveolar CO2
tension (h\percarbia)
displaces alveolar O2,
resulting in decreased
alveolar O2 tension (PaO2)

Restore normal ventilation;
supplemental O2

Central nervous s\stem
infection
Traumatic brain injur\
Drug overdose
Neuromuscular weakness
Apnea



DLIIXVLRQ dHIHcW Interstitial pneumonia Impaired movement of O2
and CO2 between the alveoli
and blood results in
decreased PaO2 (h\poxemia)
and, if severe, an increased
PaCO2 (h\percarbia).

Appl\ noninvasive ventilation
(either continuous positive
airwa\ pressure [CPAP] or
biphasic/bilevel CPAP)

VHQWLOaWLRQ/SHUIXVLRQ (V/Q)
PLVPaWcK

Mismatch of ventilation and
perfusion: blood Áow through
areas of the lung that are
inadequatel\ ventilated
results in incomplete
ox\genation of the blood
returning to the left side of the
heart. The result is a
decreased arterial O2
saturation and PaO2 and, to a
lesser extent, increased
PaCO2.

Use positive end-expirator\
pressure to increase mean
airwa\ pressure*;
supplemental O2; ventilator\
support

RLJKW-WR-OHIW VKXQW Shunting of unox\genated
blood from the right side of
the heart to the left (or from
the pulmonar\ arter\ into the
aorta) results in a low PaO2.
Effects are similar to right-to-
left shunt in the lungs.

Correct defect (supplemental
O2 alone is insufÀcient)

*Positive end-expirator\ pressure should be used carefull\ in children with asthma; expert consultation is advised.
†With pneumonia, acute respirator\ distress s\ndrome, and other lung tissue diseases, the pathoph\siolog\ is often characteri]ed b\ a
mix of h\poxemia mechanisms. The most extreme form of V/Q mismatch would be a segment of lung with blood Áow (Q) but no
ventilation (V), a situation in which the blood would not become ox\genated. When it returns to the left side of the heart, it mixes with
the ox\genated blood, resulting in a lower O2 saturation. The degree of desaturation depends on the si]e of the unventilated lung
segment.

H\SeUcaUbia (IQadeTXaWe VeQWilaWiRQ)

H\percarbia is an increased CO2 tension in the arterial blood (PaCO2). When h\percarbia is present, ventilation is
inadequate.

CO2 is a b\-product of tissue metabolism. Normall\, the lungs eliminate it to maintain acid-base homeostasis
because, when ventilation is inadequate, CO2 elimination is inadequate. The resulting increase in PaCO2 causes the
blood to become acidic (respirator\ acidosis). Causes of h\percarbia are

Most children with h\percarbia present with respirator\ distress and tach\pnea. Children ma\ become tach\pneic in
an attempt to eliminate e[cess CO2. However, the child with h\percarbia ma\ also present with poor respirator\ effort,
including decreased respirator\ rate. In this case, h\percarbia results from inadequate ventilation secondar\ to
impaired respirator\ drive. This inadequate ventilation ma\ result from drugs, such as a narcotic overdose. It ma\ also
result from a central nervous s\stem disorder with respirator\ muscle weakness preventing the development of
compensator\ tach\pnea. Detecting an inadequate respirator\ drive requires careful observation and assessment.
Consequences of inadequate ventilation become more severe as the PaCO2 increases and respirator\ acidosis
worsens.

DHWHcWLQJ H\SHUcaUbLa

H\percarbia is more difÀcult to detect than h\po[emia because it produces no obvious clinical sign, such as c\anosis.
Precisel\ measuring PCO2 requires a blood sample (arterial, capillar\, or venous). E[haled CO2 detectors are now
available for use in children with or without advanced airwa\s. The end-tidal CO2 (or e[haled CO2 measured at the
end of e[halation) measured b\ capnograph\ ma\ not be identical to the arterial CO2. However, if the airwa\ is
open/patent, there is no increased dead space from air trapping (eg, asthma), and cardiac output is adequate, the
end-tidal CO2 will increase in the presence of h\percarbia.

WKHQ WR SXVSHcW H\SHUcaUbLa

Pneumonia
Pulmonar\ edema
Atelectasis
Acute respirator\ distress
s\ndrome
Asthma
Bronchiolitis
Foreign bod\

C\anotic congenital heart
disease
Extracardiac (anatomical)
vascular shunt
Same causes listed for
V/Q imbalance†

Airwa\ obstruction (upper or lower)
Lung tissue disease
Decreased or inadequate respirator\ effort (central h\poventilation)



Decreased level of consciousness is a critical s\mptom of both inadequate ventilation and h\po[ia. If a child·s clinical
condition deteriorates from agitation and an[iet\ to decreased responsiveness despite supplemental O2, this ma\
indicate that the PaCO2 is rising. Note that even if the pulse o[imeter indicates adequate O2 saturation, ventilation ma\
be impaired and h\percarbia ma\ be present. If a child with respirator\ distress has a decreased level of
consciousness despite adequate o[\genation, ventilation ma\ be inadequate and h\percarbia and respirator\
acidosis ma\ be present.

Signs of inadequate ventilation are nonspeciÀc and include one or more of the following:

Ph\siolog\ of RespiraWor\ Disease

One ma\ accomplish normal spontaneous breathing with minimal work. Breathing is quiet with unlabored, smooth
inspiration and passive e[piration. In children with respirator\ disease, ´work of breathingµ becomes more apparent.
Important factors associated with increased work of breathing include

AiUZa\ ReViVWaQce

Airwa\ resistance, or the impedance to airÁow within the airwa\s, is primaril\ increased b\ reducing the si]e of the
conducting airwa\s (either b\ airwa\ constriction or inÁammation). Turbulent airÁow also causes increased airwa\
resistance. AirÁow ma\ become turbulent when the Áow rate increases, even if the airwa\ si]e remains unchanged.
When airwa\ resistance increases, work of breathing increases in an attempt to maintain airÁow.

Larger airwa\s provide lower resistance to airÁow than smaller airwa\s. Airwa\ resistance decreases as lung volume
increases (inÁation) because airwa\ dilation accompanies lung inÁation. Conditions such as edema,
bronchoconstriction, secretions, mucus, or a mediastinal mass impinging on large or small airwa\s can decrease
airwa\ si]e, thereb\ increasing airwa\ resistance. Resistance in the upper airwa\, particularl\ in the nasal or
nasophar\ngeal passages, can represent a signiÀcant portion of total airwa\ resistance, especiall\ in infants.

ALUZa\ RHVLVWaQcH LQ LaPLQaU ALUÁRZ

During normal breathing, because airÁow is laminar (ie, quiet, smooth, and orderl\) and airwa\ resistance is relativel\
low, onl\ a small driving pressure (ie, difference in pressure between the atmosphere and the pleural space) is
needed to produce adequate airÁow. When airÁow is laminar (quiet), resistance to airÁow is inversel\ proportional to
the fourth power of the airwa\ radius, so even a small reduction in airwa\ diameter results in a signiÀcant increase in
airwa\ resistance and work of breathing.

Figure 26 shows normal airwa\s on the left and edematous airwa\s (with 1 mm of circumferential edema) on the right.
Resistance to Áow is inversel\ proportional to the fourth power of the radius of the airwa\ lumen for laminar Áow and
to the Àfth power of the radius when air Áow is turbulent. The net result is a 75% decrease in cross-sectional area and
a 16-fold increase in airwa\ resistance in the infant vs a 44% decrease in cross-sectional area and a 3-fold increase
in airwa\ resistance in the adult during quiet breathing. Turbulent Áow in an infant (eg, cr\ing) increases airwa\
resistance and thus the work of breathing from 16- to 32-fold.

FLJXUH 26. EIIHcWV RI HdHPa
RQ aLUZa\ UHVLVWaQcH LQ WKH
LQIaQW YV WKH \RXQJ adXOW.

ModiÀed from Cotp CJ, Todres ID. The pediatric airwa\. In: Cotp CJ, R\an JF, Todres ID, Goudsou]ian NG, eds. A PracWice of
AneVWheVia for InfanWV and Children. 2nd ed. WB Saunders Co; 1993:55-83, cop\right Elsevier.

Tach\pnea or inadequate respirator\ rate for age and clinical condition
Nasal Áaring, retractions
Change in level of consciousness: initial an[iet\, agitation, and then decreased level of consciousness

Increased airwa\ resistance (upper and lower)
Decreased lung compliance
Use of accessor\ muscles of respiration
Disordered central nervous s\stem control of breathing



ALUZa\ RHVLVWaQcH LQ TXUbXOHQW ALUÁRZ

When airÁow is turbulent (ie, irregular), resistance is inversel\ proportional to the Àfth power of the radius of the
airwa\ lumen, a 10-fold increase over the resistance to airÁow that occurs during reduction in the airwa\ radius when
airÁow is normal and laminar. In this state, a much larger driving pressure is required to produce the same rate of
airÁow. Therefore, patient agitation (causing rapid, turbulent airÁow) results in a much greater increase in airwa\
resistance and work of breathing than with quiet, laminar Áow. To prevent turbulent airÁow from generating (eg, during
cr\ing), tr\ to keep a child with airwa\ obstruction as calm as possible.

LXQg CRmSliaQce

Compliance refers to the distensibilit\ of the lung, chest wall, or both. Lung compliance, speciÀcall\, is deÀned as the
change in lung volume produced b\ a change in driving pressure across the lung. When lung compliance is high, the
lungs easil\ inÁate (a large change in volume produced b\ a slight change in driving pressure). The lungs are stiffer in
a child with low lung compliance, so it takes more effort to inÁate them. To create a signiÀcant pressure gradient to
produce air Áow into the stiff lung, the diaphragm contracts more forcefull\, increasing intrathoracic volume and
reducing intrathoracic pressure. Poorl\ compliant lungs will also lead to increased work of breathing. During
mechanical ventilation, increased positive airwa\ pressure is needed to achieve adequate ventilation when lung
compliance decreases.

Causes of decreased compliance include e[trapulmonar\ conditions like pneumothora[ and pleural effusion as well
as pneumonia and inÁammator\ lung tissue diseases, such as ARDS, Àbrosis, and pulmonar\ edema. These
conditions are associated with an increase in the water content in the interstitial space and alveoli. The impact of this
on lung compliance is similar to the e[pansion that occurs when a sponge becomes saturated with water. A normal
sponge re-e[pands quickl\ when compressed, while a wet sponge is harder to compress and re-e[pands more slowl\
because its normal elasticit\ is opposed b\ the e[tra weight of the Áuid in the sponge.

The chest wall in infants and \oung children is compliant. Therefore, relativel\ small pressure changes can move the
chest wall. During normal breathing, diaphragm contraction in infants pulls the lower ribs slightl\ inward but does not
cause signiÀcant chest retraction. However, forcefull\ contracting the diaphragm results in a large drop in pressure
within the chest, pulling the child·s compliant chest inward (ie, retracting it) and pushing the abdomen out during
inspiration, which can actuall\ limit lung e[pansion during inspiration. These muscular contractions are useful in older
children and adolescents when the chest wall is more rigid, but in infants and \oung children, the compliant chest wall
(which is not full\ calciÀed) actuall\ can be counterproductive.

Children with neuromuscular disorders have a weak chest wall and weak respirator\ muscles that can make breathing
and coughing ineffective. Muscle weakness can result in characteristic seesaw breathing (the chest wall retracts and
the abdomen e[pands simultaneousl\).

IQVSiUaWRU\ aQd E[SiUaWRU\ FlRZ

The inspirator\ muscles of respiration include the diaphragm, intercostal muscles, and accessor\ muscles (primaril\
of the abdomen and neck). During spontaneous breathing, inspirator\ muscles (chieÁ\ the diaphragm) increase
intrathoracic volume, resulting in decreased intrathoracic pressure. When intrathoracic pressure is less than
atmospheric pressure, air Áows into the lungs (inspiration); the intercostal muscles stabili]e the chest wall to optimi]e
intrathoracic inspirator\ air Áow. Accessor\ muscles of respiration are not t\picall\ needed during normal ventilation;
however, in respirator\ disorders that increase airwa\ resistance or reduce lung compliance, activation of these
accessor\ muscles helps to improve the child·s abilit\ to augment inspirator\ air Áow.

E[pirator\ Áow results from the inspirator\ muscles rela[ing and the lung and chest wall elasticall\ recoiling,
decreasing intrathoracic volume and, thus, increasing intrathoracic pressure to a higher level than that of the
atmospheric pressure. During spontaneous breathing, e[pirator\ Áow is primaril\ a passive process. However,
e[piration ma\ become an active process in the presence of increased lower airwa\ resistance and ma\ require the
abdominal wall muscles and the intercostal muscles.

CUiWical CRQceSWV: The DiaShUagm·V RRle iQ BUeaWhiQg
The normal diaphragm is dome-shaped and contracts most forcefull\ in this shape. When the diaphragm Áattens, as
occurs with lung h\perinÁation (eg, acute asthma), contraction is less forceful and ventilation is less efÀcient.
Respiration is compromised if diaphragm movement is impeded b\ abdominal distention and high intra-abdominal
pressure (eg, gastric inÁation) or b\ air trapping caused b\ airwa\ obstruction. During infanc\ and earl\ childhood, the



intercostal muscles serve primaril\ to stabili]e the chest wall. The\ cannot effectivel\ lift the chest wall to increase
intrathoracic volume and compensate for loss of diaphragm motion.

CeQWUal NeUYRXV S\VWem CRQWURl Rf BUeaWhiQg

Breathing is controlled b\ comple[ mechanisms involving

A group of respirator\ centers located in the brainstem control spontaneous breathing. Voluntar\ control from the
cerebral corte[, such as breath holding, panting, and sighing, can also override breathing. Conditions like infection of
the central nervous s\stem, traumatic brain injur\, and drug overdose can impair respirator\ drive, resulting in
h\poventilation or even apnea.

Note that central chemoreceptors respond to changes in the h\drogen ion concentration of cerebrospinal Áuid, which
is largel\ determined b\ the arterial CO2 tension (PaCO2). Peripheral chemoreceptors (eg, in the carotid bod\)
respond primaril\ to a decrease in arterial O2 (PaO2); some receptors also respond to an increase in PaCO2.

Identif\ing Respirator\ Problems b\ Severit\

Identif\ing the severit\ of a respirator\ problem will help \ou decide the most appropriate interventions. Be alert for
signs of

RespiraWor\ DisWress

Respirator\ distress is a clinical state characteri]ed b\ increased respirator\ rate and effort, spanning a spectrum
from mild tach\pnea with increased effort to severe distress with impending respirator\ failure. A description of
respirator\ distress severit\ t\picall\ includes a description of the respirator\ rate and effort, qualit\ of breath sounds,
and mental status. These indicators ma\ var\ in severit\. Note that signs of severe respirator\ distress can indicate
respirator\ failure.

Respirator\ distress is apparent when a child tries to maintain adequate gas e[change despite airwa\ obstruction,
reduced lung compliance, or lung tissue disease. As the child tires or as respirator\ function or effort or both
deteriorate, adequate gas e[change cannot be maintained. When this happens, clinical signs of respirator\ failure
develop.

RespiraWor\ FailXre

Brainstem respirator\ centers
Central and peripheral chemoreceptors
Voluntar\ control

Respirator\ distress
Respirator\ failure

Mild respirator\ distress

Severe respirator\ distress

Impending respirator\ arrest

² Mild tach\pnea
² Mild increase in respirator\ effort (eg, nasal Áaring, retractions)
² Abnormal airwa\ sounds (eg, stridor, whee]ing)

² Marked tach\pnea
² Marked increase in respirator\ effort (eg, nasal Áaring, retractions)
² Parado[ical thoracoabdominal breathing (eg, seesaw breathing)
² Accessor\ muscle use (eg, head bobbing)
² Abnormal airwa\ sounds (eg, grunting)
² Decreased level of consciousness (eg, less responsive)

² Brad\pnea, apnea, or respirator\ pauses
² Low o[\gen saturation (h\po[emia) despite high-Áow supplemental o[\gen
² Inadequate respirator\ effort (eg, shallow respirations)
² Decreased level of consciousness (eg, unresponsive)
² Brad\cardia



Respiratory failure is a clinical state of inadequate o[\genation, ventilation, or both. It is recogni]ed t\picall\ b\
abnormal appearance (particularl\ an altered level of consciousness, which ma\ be characteri]ed b\ agitation or a
depressed level of consciousness), poor color, and reduced responsiveness. Although respirator\ failure often results
from respirator\ distress progression, it ma\ occur with little or no respirator\ effort. At times, recogni]ing respirator\
failure requires laborator\ data (eg, blood gas) to conÀrm the diagnosis. In other patients, the clinical e[amination
sufÀces to identif\ respirator\ failure.

Suspect probable respiratory failure if some of the signs in the following list are present.

Respirator\ failure can result from upper or lower airwa\ obstruction, lung tissue disease, and disordered control of
breathing (eg, apnea or shallow, slow respirations). When respiratory effort is inadequate, respiratory failure can occur
without typical signs of respiratory distress. Respirator\ failure is a clinical state that requires intervention to prevent
deterioration to cardiac arrest.

Strict criteria for respirator\ failure is difÀcult to deÀne because the baseline respirator\ function of an infant or child
ma\ be abnormal. For e[ample, an infant with c\anotic congenital heart disease and a baseline arterial O2 saturation
(SaO2) of 75% is not in respirator\ failure on the basis of low O2 saturation. But the same degree of h\po[emia would
be one sign of respirator\ failure in a child with normal baseline cardiopulmonar\ ph\siolog\.

AXscXlWaWion WiWh a SWeWhoscope

Use a stethoscope to auscultate the following points during a respirator\ ph\sical e[am:

For more information, refer to Chest E[pansion and Air Movement in Part 4.

Identif\ing Respirator\ Problems b\ T\pe

Respirator\ distress or failure can be classiÀed into one or more of the following t\pes:

Respirator\ problems do not alwa\s occur one at a time. A child ma\ have more than 1 cause of respirator\ distress
or failure, such as disordered control of breathing caused b\ a head injur\ and then pneumonia (lung tissue disease).
A patient ma\ also e[hibit s\mptoms consistent with more than 1 class of respirator\ abnormalit\.

Upper AirZa\ ObsWrXcWion

Signs of severe respirator\ distress

Signs of probable respirator\ failure

² Marked tach\pnea
² Increased or decreased respirator\ effort
² Poor distal air movement
² Tach\cardia
² Low o[\gen saturation (h\po[emia) despite high-Áow o[\gen administration
² C\anosis

² Ver\ rapid or inadequate respirator\ rate or possible apnea
² SigniÀcant, inadequate, or absent respirator\ effort
² Absent distal air movement
² E[treme tach\cardia; brad\cardia often indicates life-threatening deterioration
² Low o[\gen saturation (h\po[emia) despite high-Áow supplemental o[\gen
² Decreased level of consciousness
² C\anosis

Anterior (on either side of the sternum)
Posterior
Lateral (under the a[illae)

Upper airwa\ obstruction
Lower airwa\ obstruction
Lung tissue disease
Disordered control of breathing



Obstruction of the upper airwa\s (ie, the airwa\s outside the thora[) can occur in the nose, phar\n[, or lar\n[ and can
range from mild to severe.

CaXVeV Rf USSeU AiUZa\ ObVWUXcWiRQ

Common causes of upper airwa\ obstruction are foreign-bod\ aspiration (eg, food or a small object), and airwa\
swelling (eg, anaph\la[is, tonsillar h\pertroph\, croup, or epiglottitis). Other causes include a mass that compromises
the airwa\ lumen (eg, phar\ngeal or peritonsillar abscess, retrophar\ngeal abscess, or tumor), thick secretions
obstructing the nasal passages, or an\ congenital airwa\ abnormalit\ (eg, congenital subglottic stenosis) resulting in
narrowing of the airwa\, or poor control of the upper airwa\ due to a decreased level of consciousness. It also ma\ be
hospital acquired. For e[ample, subglottic stenosis ma\ develop secondar\ to trauma induced b\ endotracheal
intubation.

Due to their small airwa\, infants and small children ma\ easil\ develop upper airwa\ obstruction. Because an infant·s
tongue is large in proportion to the orophar\ngeal cavit\, if the infant has a decreased level of consciousness, the
muscles ma\ rela[ and allow the tongue to fall back and obstruct the orophar\n[. Infants also have a prominent
occiput. If the infant with a decreased level of consciousness is supine, resting on the large occiput can cause Áe[ion
of the neck, resulting in upper airwa\ obstruction.

SigQV Rf USSeU AiUZa\ ObVWUXcWiRQ

The major clinical signs, such as stridor, hoarseness, or a change in voice or cr\, t\picall\ occur during the inspirator\
phase of the respirator\ c\cle. Inspirator\ retractions, use of accessor\ muscles, and nasal Áaring are often present.
The respirator\ rate is often onl\ mildl\ elevated because upper airwa\ obstruction is worse with faster breathing.
E[amples include foreign bod\ obstruction, croup, and epiglottitis. Other signs of upper airwa\ obstruction include

LoZer AirZa\ ObsWrXcWion

Obstruction of the lower airwa\s (ie, the airwa\s within the thora[) can occur in the lower trachea, the bronchi, or the
bronchioles.

CaXVeV Rf LRZeU AiUZa\ ObVWUXcWiRQ

Common causes of lower airwa\ obstruction are asthma and bronchiolitis.

SigQV Rf LRZeU AiUZa\ ObVWUXcWiRQ

The major clinical signs t\picall\ occur during the e[pirator\ phase of the respirator\ c\cle, wherein the child often has
whee]ing and a prolonged e[pirator\ phase that requires increased e[pirator\ effort. The respirator\ rate is usuall\
elevated, particularl\ in infants. Inspirator\ retractions become prominent when the lower airwa\ obstruction impairs
inspiration and e[halation, requiring increased respirator\ effort. E[amples include asthma and bronchiolitis. Other
signs of lower airwa\ obstruction include possible decreased air movement on auscultation and cough.

AirZa\ ObsWrXcWion and RespiraWor\ RaWe

Small airwa\s are obstructed through a variet\ of mechanisms in acute lower airwa\ obstruction. In asthma, small
airwa\s are obstructed via smooth muscle bronchial constriction, mucus plugging, inÁammation, and e[ternal collapse
due to high intrathoracic pressures. In bronchiolitis, small airwa\ obstruction occurs predominantl\ because of mucus
plugging and bronchial edema. If these obstructions are severe, air trapping and lung h\perinÁation occur, further
e[acerbating the obstruction of the smaller airwa\s. An infant with lower airwa\ obstruction, b\ comparison, t\picall\
has a rapid respirator\ rate. The infant has a compliant chest wall. If the infant attempts to breathe more deepl\, the
resulting decrease in intrapleural pressure ma\ result in greater chest wall retractions. When lower airwa\ obstruction
is signiÀcant, it is more efÀcient for the infant to breathe at a fast rate with small tidal volumes to maintain minute
ventilation, keeping a relativel\ larger volume of gas in the lungs.

LXng TissXe Disease

This condition describes disease involving the substance (ie, parench\ma or tissue) of the lung. In this state, the
child·s lungs become stiff because of Áuid accumulation in the alveoli, interstitium, or both, requiring increased
respirator\ effort during inspiration and e[halation. Therefore, retractions and accessor\ muscle use are common.

Increased respirator\ rate and effort
Drooling, snoring, or gurgling sounds
Poor chest rise
Poor air entr\ on auscultation



H\po[emia is often marked due to alveolar collapse or reduced o[\gen diffusion caused b\ pulmonar\ edema Áuid
and inÁammator\ debris in alveoli. Tach\pnea is common and often quite marked. Patients frequentl\ attempt to
counteract alveolar and small airwa\ collapse b\ increasing efforts to maintain an elevated end-e[pirator\ pressure,
often manifested b\ grunting respirations.

CaXVeV Rf LXQg TiVVXe DiVeaVe

Causes of lung tissue disease var\ and can include pneumonia from an\ cause (eg, bacterial, viral, chemical,
aspiration) and cardiogenic (eg, congestive heart failure) and noncardiogenic pulmonar\ edema (eg, ARDS). Other
potential causes include

SigQV Rf LXQg TiVVXe DiVeaVe

Signs of lung tissue disease include tach\pnea (often marked), increased respirator\ effort, grunting, crackles (rales)
and decreased air movement, diminished breath sounds, tach\cardia, and h\po[emia (despite supplemental O2
administration).

Children with lung tissue disease can often maintain ventilation (ie, CO2 elimination) with a relativel\ small number of
functional alveoli, but the\ cannot maintain o[\genation as effectivel\. As a result, h\po[emia is an earlier sign of lung
tissue disease than h\percarbia. Compromised ventilation, indicated b\ h\percarbia, is t\picall\ a late manifestation
of the disease process.

Grunting produces earl\ glottic closure during e[piration. Grunting is a compensator\ mechanism to maintain positive
airwa\ pressure and prevent collapse of the alveoli and small airwa\s.

Disordered ConWrol of BreaWhing

In this state, there is inadequate respirator\ effort, and the parent ma\ sa\ that the child is ´breathing funn\.µ There
ma\ be periods of increased respirator\ rate, effort, or both followed b\ decreased rate, effort, or both, or the child·s
respirator\ rate or effort ma\ be continuousl\ inadequate. Often the net effect is h\poventilation leading to h\po[emia
and h\percarbia.

CaXVeV Rf DiVRUdeUed CRQWURl Rf BUeaWhiQg

Disordered control of breathing ma\ result from a host of conditions, including neurologic disorders (eg, sei]ures,
central nervous s\stem infections, head injur\, brain tumor, h\drocephalus, neuromuscular disease), metabolic
abnormalities, and drug overdose. Because disordered control of breathing is t\picall\ associated with conditions that
impair neurologic function, these children often have a decreased level of consciousness.

SigQV Rf DiVRUdeUed CRQWURl Rf BUeaWhiQg

Signs of disordered control of breathing include

Summar\: Recogni]ing Respirator\ Problems FloZchart

Table 29 summari]es recognition and identiÀcation of respirator\ problems. Note that this chart does not include all
respirator\ emergencies but instead provides ke\ characteristics for a limited number of diseases.

TabOH 29. RHcRJQL]LQJ RHVSLUaWRU\ PURbOHPV FORZcKaUW

PALS: SLJQV RI UHVSLUaWRU\ SURbOHPV

Pulmonar\ contusion (trauma)
Allergic reaction
To[ins
Vasculitis
InÀltrative disease
Allergic, vascular, widespread inÁammator\, environmental, and other factors

Variable or irregular respirator\ rate and pattern (tach\pnea alternating with brad\pnea)
Variable respirator\ effort
Shallow breathing with inadequate effort (frequentl\ resulting in h\po[emia and h\percarbia)
Central apnea (ie, apnea without an\ respirator\ effort)
Normal or decreased air movement



COLQLcaO VLJQV USSHU aLUZa\
RbVWUXcWLRQ

LRZHU aLUZa\
RbVWUXcWLRQ

LXQJ WLVVXH
dLVHaVH

DLVRUdHUHd cRQWURO
RI bUHaWKLQJ

ALUZa\ Patenc\ Airwa\ open and maintainable/not maintainable

BUHaWKLQ
J

Respirator\
rate/effort

Increased Variable

Breath sounds Stridor (t\picall\
inspirator\)

Barking cough
Hoarseness

Whee]ing (t\picall\
expirator\)
Prolonged

expirator\ phase

Grunting
Crackles

Decreased breath
sounds

Normal

Air movement Decreased Variable

CLUcXOaWL
RQ

Heart rate Tach\cardia (earl\); brad\cardia (late)

Skin Pallor, cool skin (earl\); c\anosis (late)

DLVabLOLW\ Level of
consciousness

Anxiet\, agitation (earl\); letharg\, unresponsiveness (late)

E[SRVXU
H

Temperature Variable

PALS: IdHQWLI\LQJ UHVSLUaWRU\ SURbOHPV b\ VHYHULW\

PURJUHVVLRQ RI UHVSLUaWRU\ dLVWUHVV WR UHVSLUaWRU\ IaLOXUH*

ALUZa\ Respirator\ distress: open and maintainable
Respirator\ failure: not maintainable

BUHaWKLQ
J

Respirator\ distress: tach\pnea
Respirator\ failure: brad\pnea to apnea

Respirator\ distress: work of breathing (nasal Áaring/retractions)
Respirator\ failure: increased effort progresses to decreased effort and then to apnea

Respirator\ distress: good air movement
Respirator\ failure: poor to absent air movement

CLUcXOaWL
RQ

Respirator\ distress: tach\cardia
Respirator\ failure: brad\cardia

Respirator\ distress: pallor
Respirator\ failure: c\anosis

DLVabLOLW\ Respirator\ distress: anxiet\, agitation
Respirator\ failure: letharg\ to unresponsiveness

E[SRVXU
H

Variable temperature

*Respirator\ failure requires immediate intervention.



PaUW 8: Managing ReVSiUaWoU\ DiVWUeVV and FailXUe

ReVpiraWor\ problemV are a major caXVe of cardiac arreVW in children. In facW, man\ infanWV and children Zho reqXire
CPR (boWh in and oXW of hoVpiWal) haYe reVpiraWor\ problemV WhaW progreVV Wo cardiopXlmonar\ failXre. IW ma\ noW be
poVVible Wo differenWiaWe beWZeen reVpiraWor\ diVWreVV and reVpiraWor\ failXre on Whe baViV of clinical e[aminaWion alone
becaXVe reVpiraWor\ failXre can deYelop eYen ZiWhoXW VigniÀcanW VignV of diVWreVV. In children, clinical deWerioraWion in
reVpiraWor\ fXncWion ma\ progreVV rapidl\, Vo Where iV liWWle Wime Wo ZaVWe. PrompWl\ recogni]ing and effecWiYel\
managing reVpiraWor\ problemV are fXndamenWal Wo PALS.

CULWLcaO CRQcHSWV: IQWHUYHQH QXLcNO\ WR RHVWRUH RHVSLUaWRU\ FXQcWLRQ
PALS proYiderV mXVW inWerYene qXickl\ Wo reVWore adeqXaWe reVpiraWor\ fXncWion. YoX can greaWl\ improYe oXWcome b\
idenWif\ing earl\ and prompWl\ managing reVpiraWor\ diVWreVV and failXre. Once reVpiraWor\ failXre progreVVeV Wo cardiac
arreVW, oXWcome iV ofWen poor.

LeaUning ObjecWiYe

AfWer compleWing WhiV ParW, \oX VhoXld be able Wo perform earl\ inWerYenWionV for reVpiraWor\ diVWreVV and failXre.

DXring Whe coXrVe, \oX Zill parWicipaWe in Whe AirZa\ ManagemenW SkillV SWaWion. YoX Zill pracWice and demonVWraWe
\oXr proÀcienc\ in performing baVic airZa\ managemenW VkillV, VXch aV inVerWing airZa\ adjXncWV, effecWiYe bag-maVk
YenWilaWion, and VXcWioning. Refer Wo Whe Appendi[ for a checkliVW of reqXired compeWencieV. Refer Wo Whe ReVoXrceV for
Managing ReVpiraWor\ EmergencieV in ParW 8 of WhiV manXal for deWailV on bag-maVk YenWilaWion, reVpiraWor\ fXncWion
moniWoring deYiceV (eg, moniWoring of O2 VaWXraWion b\ pXlVe o[imeWr\, moniWoring of e[haled CO2), and O2 deliYer\
V\VWemV.

ReVcXe BUeaWhing

ReVSiUaWRU\ AUUeVW

ReVpiraWor\ arreVW iV Whe abVence of reVpiraWionV (ie, apnea) ZiWh deWecWable cardiac acWiYiW\. The proYider mXVW proYide
reVcXe breaWhing Wo preYenW cardiac arreVW.

ReVcXe BUeaWhing

GXidelineV for reVcXe breaWhing for infanWV and children are aV folloZV:

IniWial ManagemenW of ReVpiUaWoU\ DiVWUeVV and FailXUe

The ÀrVW prioriW\ in managing a VerioXVl\ ill or injXred child Zho iV noW in cardiac arreVW iV eYalXaWing Whe airZa\ and
breaWhing. If \oX idenWif\ VignV of reVpiraWor\ diVWreVV or failXre, perform iniWial inWerYenWionV WhaW VXpporW or reVWore
adeqXaWe o[\genaWion and YenWilaWion. BecaXVe reVpiraWor\ condiWionV are a major caXVe of cardiac arreVW in infanWV
and children, Zhen \oX deWecW reVpiraWor\ diVWreVV or failXre, iW iV imporWanW Wo begin appropriaWe inWerYenWionV qXickl\.

IniWial inWerYenWionV inclXde rapidl\ eYalXaWing reVpiraWor\ fXncWion Wo idenWif\ Whe W\pe and VeYeriW\, raWher Whan Whe
preciVe eWiolog\, of Whe reVpiraWor\ problem. Once o[\genaWion and YenWilaWion are VWabili]ed, idenWif\ Whe caXVe of Whe
problem Wo faciliWaWe WargeWed inWerYenWionV. UVe Whe eYalXaWe-idenWif\-inWerYene VeqXence Wo moniWor V\mpWom
progreVVion or reVponVe Wo Wherap\ and Wo prioriWi]e fXrWher inWerYenWionV.

GiYe 20 Wo 30 breaWhV per minXWe (aboXW 1 breaWh eYer\ 2-3 VecondV).
GiYe each breaWh in 1 Vecond.
Each breaWh VhoXld reVXlW in YiVible cheVW riVe.
Check Whe pXlVe aboXW eYer\ 2 minXWeV; if Whe child becomeV pXlVeleVV, VhoXW for help and proYide compreVVionV
aV Zell aV YenWilaWion (CPR).
UVe o[\gen aV Voon aV iW iV aYailable.



IniWiall\ VWabili]ing and managing a child in reVpiraWor\ diVWreVV or reVpiraWor\ failXre ma\ inclXde Whe inWerYenWionV in
Table 30.

Table 30. Initial Management of Respiratory Distress or Failure

EYDOXDWH IQWHUYHQWLRQV (DV LQGLFDWHG)

Airway

Breathing

Circulation

PUincipleV of TaUgeWed ManagemenW

Once \oX VWabili]e o[\genaWion and YenWilaWion, idenWif\ Whe W\pe of reVpiraWor\ problem Wo help prioriWi]e Whe ne[W
inWerYenWionV. ThiV ParW reYieZV principleV of WargeWed managemenW for Whe folloZing 4 W\peV of reVpiraWor\ problemV:

Managing UppeU AiUZa\ ObVWUXcWion

USSeU aLUZa\ RbVWUXcWLRQ iV a mild Wo VeYere obVWrXcWion of Whe large airZa\V oXWVide Whe Whora[ (ie, in Whe noVe,
phar\n[, or lar\n[). CaXVeV of Xpper airZa\ obVWrXcWion are airZa\ VZelling, foreign bod\, or infecWion. OWher caXVeV
inclXde edema or VZelling of Whe VofW WiVVXe of Whe Xpper airZa\ (large WonVilV or adenoidV), a maVV in Whe airZa\, Whick
VecreWionV, congeniWal narroZing of Whe Xpper airZa\, or poor conWrol of Whe Xpper airZa\ dXe Wo a decreaVed leYel of
conVcioXVneVV.

InfanWV and Vmall children are eVpeciall\ prone Wo Xpper airZa\ obVWrXcWion. If Whe infanW haV a decreaVed leYel of
conVcioXVneVV, Whe mXVcleV ma\ rela[ and alloZ Whe WongXe Wo fall back and obVWrXcW Whe orophar\n[. AlVo, if Whe
infanW iV VXpine, reVWing on Whe large occipXW can caXVe Áe[ion of Whe neck, reVXlWing in Xpper airZa\ obVWrXcWion. In
\oXng infanWV, naVal obVWrXcWion can impair YenWilaWion. SecreWionV, blood, and debriV in Whe noVe, phar\n[, and lar\n[
from infecWion, inÁammaWion, or WraXma alVo can obVWrXcW Whe airZa\. Remember WhaW Whe Vmaller Whe airZa\ iV, Whe
more eaVil\ iW can become obVWrXcWed.

GeneUal ManagemenW Rf USSeU AiUZa\ ObVWUXcWiRn

General managemenW of Xpper airZa\ obVWrXcWion inclXdeV Whe iniWial inWerYenWionV in Table 30. AddiWional meaVXreV
focXV on relieYing Whe obVWrXcWion and ma\ inclXde opening Whe airZa\ b\

SXppoUW an open aiUZa\ (alloZ child Wo aVVXme poViWion of comfoUW) oU, if neceVVaU\,
open Whe aiUZa\ ZiWh

CleaU Whe aiUZa\ if indicaWed (eg, VXcWion noVe and moXWh, UemoYe YiVXali]ed foUeign
bod\).
ConVideU an oUophaU\ngeal aiUZa\ oU naVophaU\ngeal aiUZa\ Wo impUoYe aiUZa\
openneVV/paWenc\.

² Head WilW²chin lifW
² JaZ WhUXVW ZiWhoXW head WilW if \oX VXVpecW ceUYical Vpine injXU\. If WhiV maneXYeU

doeV noW open Whe aiUZa\, XVe Whe head WilW²chin lifW oU jaZ WhUXVW ZiWh genWle head
e[WenVion

MoniWoU O2 VaWXUaWion b\ pXlVe o[imeWU\.
PUoYide O2 (hXmidiÀed if aYailable). UVe a high-concenWUaWion deliYeU\ deYice VXch aV
a nonUebUeaWhing maVk foU WUeaWing VeYeUe UeVpiUaWoU\ diVWUeVV oU poVVible UeVpiUaWoU\
failXUe.
AdminiVWeU inhaled medicaWion (eg, albXWeUol, epinephUine) aV needed.
AVViVW YenWilaWion ZiWh bag-maVk deYice and VXpplemenWal O2 if needed.
PUepaUe foU inVeUWing an adYanced aiUZa\ if indicaWed.

MoniWoU heaUW UaWe, heaUW Uh\Whm, and blood pUeVVXUe.
EVWabliVh YaVcXlaU acceVV (foU ÁXid WheUap\ and medicaWionV) aV indicaWed.

Upper airZa\ obVWrXcWion
LoZer airZa\ obVWrXcWion
LXng WiVVXe diVeaVe
DiVordered conWrol of breaWhing

AlloZing Whe child Wo aVVXme a poViWion of comforW
Performing manXal airZa\ maneXYerV, VXch aV a jaZ WhrXVW or head WilW²chin lifW
RemoYing a foreign bod\
SXcWioning Whe noVe or moXWh



YoX ma\ XVe VXcWioning Wo help remoYe VecreWionV, blood, or debriV; hoZeYer, if Whe Xpper airZa\ obVWrXcWion iV
caXVed b\ edema from infecWion (eg, croXp) or allergic reacWion, carefXll\ Zeigh poWenWial beneÀWV YV riVkV of
VXcWioning. SXcWioning ma\ fXrWher agiWaWe Whe child and increaVe reVpiraWor\ diVWreVV, Vo conVider alloZing Whe child Wo
aVVXme a poViWion of comforW. GiYe nebXli]ed epinephrine, parWicXlarl\ if Whe VZelling iV be\ond Whe WongXe.
CorWicoVWeroidV (inhaled, IV, oral, or inWramXVcXlar [IM]) alVo ma\ help in WhiV ViWXaWion.

WiWh VeYere Xpper airZa\ obVWrXcWion, caOO eaUO\ for adYanced help becaXVe Whe proYider ZiWh Whe greaWeVW Vkill and
e[perience in airZa\ managemenW iV Whe moVW likel\ perVon Wo Vafel\ eVWabliVh an airZa\. FailXre Wo aggreVViYel\ WreaW
an acXWe parWial Xpper airZa\ obVWrXcWion ma\ lead Wo compleWe airZa\ obVWrXcWion and, XlWimaWel\, Wo cardiac arreVW.

In leVV VeYere caVeV of Xpper airZa\ obVWrXcWion, infanWV and children ma\ beneÀW from VpeciÀc airZa\ adjXncWV. For
e[ample, in a child ZiWh a decreaVed leYel of conVcioXVneVV, an orophar\ngeal airZa\ or naVophar\ngeal airZa\ ma\
help Wo relieYe obVWrXcWion caXVed b\ Whe WongXe. UVe an orophar\ngeal airZa\ onl\ if Whe child iV deepl\ XnconVcioXV
ZiWh no gag reÁe[. A child ZiWh a gag reÁe[ ma\ WoleraWe a naVophar\ngeal airZa\, Zhich VhoXld be inVerWed carefXll\
Wo aYoid naVophar\ngeal WraXma and bleeding. AYoid XVing a naVophar\ngeal airZa\ in children ZiWh increaVed
bleeding riVk or VeYere head or face WraXma.

An infanW or child ZiWh Xpper airZa\ obVWrXcWion from redXndanW WiVVXeV or WiVVXe edema ma\ beneÀW from noninYaViYe
YenWilaWion ZiWh poViWiYe airZa\ preVVXre.

SSeciÀc ManagemenW Rf USSeU AiUZa\ ObVWUXcWiRn b\ EWiRlRg\

SpeciÀc caXVeV of Xpper airZa\ obVWrXcWion reqXire VpeciÀc inWerYenWionV. ThiV VecWion reYieZV managemenW of Xpper
airZa\ obVWrXcWion dXe Wo

MaQaJH CURXS BaVHd RQ SHYHULW\

Manage croXp according Wo \oXr aVVeVVmenW of clinical VeYeriW\. The folloZing characWeriVWicV of croXp are liVWed b\
degree of VeYeriW\:

O2 VaWXraWion ma\ be VlighWl\ loZ in mild and moderaWe croXp and iV commonl\ Zell beloZ normal in VeYere croXp.

General managemenW for Xpper airZa\ obVWrXcWion inclXdeV Whe iniWial inWerYenWionV in Table 30 and ma\ inclXde Whe
VpeciÀc inWerYenWionV for managing croXp liVWed in Table 31.

Table 31. Managing Croup

SHYHULW\ RI FURXS IQWHUYHQWLRQV

Mild

Moderate to severe

RedXcing airZa\ VZelling ZiWh medicaWionV
Minimi]ing agiWaWion (agiWaWion ofWen ZorVenV Xpper airZa\ obVWrXcWion)
Deciding ZheWher an airZa\ adjXncW or adYanced airZa\ iV needed
Deciding earl\ if a VXrgical airZa\ (WracheoVWom\ or needle cricoWh\roidoWom\) iV needed

CroXp
Anaph\la[iV
Foreign-bod\ airZa\ obVWrXcWion (FBAO)

MLOG FURXS: OccaVional barking coXgh, liWWle or no VWridor aW reVW, abVenW or mild reWracWionV
MRGHUDWH FURXS: FreqXenW barking coXgh, eaVil\ aXdible VWridor aW reVW, reWracWionV aW reVW, liWWle or no agiWaWion,
good air enWr\ b\ aXVcXlWaWing Whe peripheral lXng ÀeldV
SHYHUH FURXS: FreqXenW barking coXgh, prominenW inVpiraWor\ and occaVional e[piraWor\ VWridor, marked
reWracWionV, VigniÀcanW agiWaWion, decreaVed air enWr\ b\ aXVcXlWaWing Whe lXngV
SHYHUH UHVSLUDWRU\ GLVWUHVV/LPSHQGLQJ UHVSLUDWRU\ IDLOXUH: Barking coXgh (ma\ noW be prominenW if Whe child·V
reVpiraWor\ efforW iV groZing Zeaker ZiWh Whe deYelopmenW of VeYere h\po[emia and h\percarbia), aXdible VWridor aW
reVW (can be difÀcXlW Wo hear ZiWh failing reVpiraWor\ efforW), reWracWionV (ma\ noW be VeYere if reVpiraWor\ efforW iV
failing)
RHVSLUDWRU\ IDLOXUH/LPSHQGLQJ UHVSLUDWRU\ DUUHVW: Poor air moYemenW on aXVcXlWaWion, leWharg\ or decreaVed
leYel of conVcioXVneVV, and, VomeWimeV, pallor or c\anoViV deVpiWe adminiVWering VXpplemenWal O2

ConVideU de[ameWhaVone.

AdminiVWeU hXmidiÀed O2.
GiYe noWhing b\ moXWh.
AdminiVWeU nebXli]ed epinephUine.



Respiratory failure or impending
respiratory failure

CULWLcaO CRQcHSWV: EQdRWUacKHaO IQWXbaWLRQ
EndoWracheal inWXbaWion of Whe child ZiWh Xpper airZa\ obVWrXcWion iV a high-riVk procedXre and VhoXld be performed
b\ a Weam ZiWh VigniÀcanW pediaWric airZa\ e[perWiVe. UVe neXromXVcXlar blockade onl\ if \oX are conÀdenW Whe child·V
o[\genaWion and YenWilaWion can be VXpporWed ZiWh bag-maVk YenWilaWion.

MaQaJLQJ AQaSK\Oa[LV

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc inWerYenWionV WhaW ma\ be XVed for managing anaph\la[iV
are liVWed in Table 32.

Table 32. Managing Anaphylaxis

SHYHULW\ RI DOOHUJLF UHDFWLRQ IQWHUYHQWLRQV

Mild

Moderate to severe

MaQaJLQJ FRUHLJQ-BRd\ ALUZa\ ObVWUXcWLRQ

If \oX VXVpecW an FBAO WhaW iV mild (Whe child iV able Wo make VoXndV and coXgh forcefXll\), do noW inWerYene. Call for
help and alloZ Whe child Wo Wr\ Wo clear Whe obVWrXcWion b\ coXghing. If \oX VXVpecW WhaW Whe FBAO iV VeYere (child
makeV no VoXnd, iV Xnable Wo Vpeak or coXgh, haV poor or no air e[change, makeV a high-piWched noiVe Zhile inhaling
or no noiVe aW all, haV increaVed reVpiraWor\ difÀcXlW\), perform Whe maneXYerV in Table 33.

Table 33. Managing Foreign-Body Airway Obstruction

IQWHUYHQWLRQV IRU D UHVSRQVLYH LQIDQW RU FKLOG ZLWK FBAO

Infant (younger than 1 year) Child (1 year to adolescent [puberty])

ObVeUYe foU aW leaVW 2 hoXUV afWeU giYing nebXli]ed epinephUine Wo enVXUe conWinXed
impUoYemenW (no UecXUUence of VWUidoU).
AdminiVWeU de[ameWhaVone.
ConVideU XVing helio[ (heliXm-o[\gen mi[WXUe) foU VeYeUe diVeaVe if Whe child UeqXiUeV
no higheU Whan 40% inVpiUed o[\gen concenWUaWion.

AdminiVWeU a high concenWUaWion of O2; XVe a nonUebUeaWhing maVk if aYailable.
AdminiVWeU de[ameWhaVone IV/IM.
PUoYide aVViVWed YenWilaWion (ie, bag-maVk YenWilaWion Wimed Wo VXppoUW Whe child·V oZn
inVpiUaWion) foU peUViVWenW, VeYeUe h\po[emia (<90% O2 VaWXUaWion) deVpiWe O2
adminiVWUaWion, inadeqXaWe YenWilaWion, oU changeV in leYel of conVcioXVneVV.
PeUfoUm endoWUacheal (ET) inWXbaWion if indicaWed; Wo aYoid injXU\ Wo Whe VXbgloWWic aUea,
XVe a VmalleU ET WXbe Vi]e (a half Vi]e VmalleU Whan pUedicWed foU Whe child·V age).
PUepaUe foU VXUgical aiUZa\ if needed.

RemoYe Whe offending agenW (eg, VWop Whe IV anWibioWic).
GeW help.
AVk Whe child oU caUegiYeU aboXW an\ hiVWoU\ of alleUg\ oU anaph\la[iV; look foU a
medical aleUW bUaceleW oU necklace.
ConVideU an oUal doVe of anWihiVWamine.

AdminiVWeU IM epinephUine b\ aXWoinjecWoU oU UegXlaU V\Uinge eYeU\ 10 Wo 15 minXWeV aV
needed; UepeaW doVeV aV needed.
TUeaW bUonchoVpaVm (Zhee]ing) ZiWh albXWeUol adminiVWeUed b\ meWeUed-doVe inhaleU
oU nebXli]eU VolXWion.
GiYe conWinXoXV nebXli]aWion if indicaWed (ie, VeYeUe bUonchoVpaVm).
FoU VeYeUe UeVpiUaWoU\ diVWUeVV, anWicipaWe fXUWheU aiUZa\ VZelling and pUepaUe foU ET
inWXbaWion.
To WUeaW h\poWenVion:
² Place Whe child in Whe VXpine poViWion aV WoleUaWed.
² UVe phaUmacological adjXncWV once VWabili]ed:

² AdminiVWeU iVoWonic cU\VWalloid (eg, noUmal Valine oU lacWaWed RingeU·V) 20 mL/kg
bolXV IV (UepeaW aV needed).

² FoU h\poWenVion XnUeVponViYe Wo ÁXidV and IM epinephUine, adminiVWeU an
epinephUine infXVion WiWUaWed Wo achieYe adeqXaWe blood pUeVVXUe foU age.

MeWh\lpUedniVolone oU eqXiYalenW coUWicoVWeUoid IV
Diphenh\dUamine IV



Child or infant becomes unresponsive

*PUoYiding effecWiYe YenWilaWion b\ XVing a bag-maVk deYice on a child ZiWh an FBAO ma\ be difÀcXlW. ConVideU XVing Whe 2-peUVon bag-
maVk YenWilaWion WechniqXe.

Managing LoZeU AiUZa\ ObVWUXcWion

LoZer airZa\ obVWrXcWion, commonl\ caXVed b\ bronchioliWiV and aVWhma, inYolYeV Whe Vmaller bronchi and
bronchioleV inVide Whe Whora[.

GeneUal ManagemenW Rf LRZeU AiUZa\ ObVWUXcWiRn

General managemenW of loZer airZa\ obVWrXcWion inclXdeV Whe iniWial inWerYenWionV in Table 30.

In a child ZiWh VeYere reVpiraWor\ diVWreVV or reVpiraWor\ failXre, ÀrVW reVWore adeqXaWe o[\genaWion; immediaWel\
correcWing h\percarbia Wo Whe child·V baVeline leYel iV noW reqXired becaXVe moVW children can WoleraWe h\percarbia
ZiWhoXW adYerVe effecWV.

If a child ZiWh loZer airZa\ obVWrXcWion needV bag-maVk YenWilaWion, proYide effecWiYe YenWilaWion aW a relaWiYel\ VloZ
raWe, alloZing more Wime for e[piraWion. ThiV redXceV Whe riVk WhaW air Zill remain inVide Whe cheVW aW Whe end of
e[piraWion. ProYiding Woo man\ breaWhV or breaWhV ZiWh Woo mXch YolXme ma\ reVXlW in complicaWionV, VXch aV

SSeciÀc ManagemenW Rf LRZeU AiUZa\ ObVWUXcWiRn b\ EWiRlRg\

SpeciÀc caXVeV of loZer airZa\ obVWrXcWion reqXire VpeciÀc inWerYenWionV. ThiV VecWion reYieZV managemenW of loZer
airZa\ obVWrXcWion dXe Wo Whe folloZing:

DiVWingXiVhing beWZeen bronchioliWiV and aVWhma in a Zhee]ing infanW can be difÀcXlW. HoZeYer, a hiVWor\ of Zhee]ing
epiVodeV VXggeVWV WhaW Whe infanW haV reYerVible bronchoVpaVm (ie, aVWhma). ConVider a Wrial of bronchodilaWorV if Whe
diagnoViV iV Xnclear.

MaQaJLQJ BURQcKLROLWLV

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc meaVXreV WhaW ma\ be XVed for managing bronchioliWiV
inclXde performing oral or naVal VXcWioning aV needed and conVidering laboraWor\ and oWher WeVWV, Zhich ma\ inclXde
Yiral VWXdieV, cheVW [-ra\, and arWerial blood gaV.

Randomi]ed conWrolled WrialV of bronchodilaWor or corWicoVWeroid Wherap\ for bronchioliWiV haYe VhoZn mi[ed reVXlWV.
Some infanWV improYe Zhen WreaWed ZiWh nebXli]ed epinephrine or albXWerol, ZhereaV nebXli]er Wherap\ aggraYaWeV

1. ConÀUm VeYeUe aiUZa\
obVWUXcWion.

2. GiYe Xp Wo 5 back VlapV and Xp
Wo 5 cheVW WhUXVWV.

3. RepeaW SWep 2 XnWil Whe objecW iV
e[pelled oU YicWim becomeV
XnUeVponViYe.

1. AVk, ´AUe \oX choking?µ If Whe child nodV oU oWheUZiVe indicaWeV ´\eV,µ Va\ \oX·Ue going
Wo help.

2. SWand oU kneel behind Whe child. GiYe abdominal WhUXVWV.
3. RepeaW abdominal WhUXVWV XnWil Whe objecW iV e[pelled oU YicWim becomeV XnUeVponViYe.

1. ShoXW foU help. Send Vomeone Wo acWiYaWe Whe emeUgenc\ UeVponVe V\VWem.
2. LoZeU Whe child Wo Whe ÁooU. If Whe child iV XnUeVponViYe ZiWh no bUeaWhing oU onl\ gaVping, begin CPR (no pXlVe check).
3. Each Wime \oX open Whe aiUZa\ Wo deliYeU bUeaWhV, look inWo Whe moXWh. If \oX Vee an objecW WhaW can be eaVil\ UemoYed, UemoYe

iW. If \oX do noW Vee an objecW, conWinXe CPR.
NoWe: Do noW peUfoUm a blind ÀngeU VZeeS Wo diVlodge a foUeign bod\. ThiV ma\ pXVh Whe foUeign bod\ faUWheU inWo Whe aiUZa\. IW
alVo ma\ caXVe WUaXma and bleeding.

4. ConWinXe CPR foU 5 c\cleV oU aboXW 2 minXWeV.* If \oX aUe alone, leaYe Whe child and acWiYaWe Whe emeUgenc\ UeVponVe V\VWem.
ConWinXe CPR XnWil moUe Vkilled pUoYideUV aUUiYe.

Air enWering Whe VWomach (gaVWric diVWenWion), reVXlWing in increaVed riVk of YomiWing and aVpiraWion and poVVible
preYenWion of adeqXaWe diaphragm moYemenW, limiWing effecWiYe YenWilaWion
RiVk of pneXmoWhora[ (air leak inWo Vpace VXrroXnding Whe lXngV), reVXlWing in decreaVed blood reWXrn Wo Whe hearW
and riVk of lXng collapVe and reVXlWanW complicaWionV (VeYere h\po[emia, obVWrXcWiYe Vhock)
SeYere air Wrapping, reVXlWing in VeYere decreaVe in o[\genaWion and decreaVed YenoXV reWXrn Wo Whe hearW and
cardiac oXWpXW

BronchioliWiV
AcXWe aVWhma



reVpiraWor\ V\mpWomV in oWher infanWV. ConVider a Wrial of nebXli]ed epinephrine or albXWerol WreaWmenW, and
diVconWinXe iW if \oX obVerYe no improYemenW. AdminiVWer VXpplemenWal O2 if O2 VaWXraWion iV leVV Whan 94%.

MaQaJLQJ AcXWH AVWKPa

Manage aVWhma according Wo \oXr aVVeVVmenW of clinical VeYeriW\ (Table 34). In addiWion Wo Whe iniWial inWerYenWionV in
Table 30, XVe VpeciÀc inWerYenWionV for managing acXWe aVWhma (Table 35).

Table 34. Classifying Mild, Moderate, and Severe Asthma

PDUDPHWHU* MLOG MRGHUDWH SHYHUH RHVSLUDWRU\ DUUHVW
LPPLQHQW

Breathless Walking
Can lie doZn

Talking 
(InfanW Zill haYe VofWeU,
VhoUWeU cU\; difÀcXlW\
feeding)
PUefeUV ViWWing

AW UeVW 
(InfanW Zill VWop
feeding)
HXnched foUZaUd

Talks in SenWenceV PhUaVeV WoUdV

Alertness Ma\ be agiWaWed UVXall\ agiWaWed UVXall\ agiWaWed DUoZV\ oU confXVed

Respiratory rate† IncUeaVed IncUeaVed OfWen >30/min

Accessory muscles
and suprasternal
retractions

UVXall\ noW UVXall\ UVXall\ PaUado[ical
WhoUacoabdominal
moYemenW

Wheeze ModeUaWe, ofWen onl\
end-e[piUaWion

LoXd UVXall\ loXd AbVence of Zhee]e

Pulse/minÂ <100 100-120 >120 BUad\caUdia

Pulsus paradoxus AbVenW
<10 mm Hg

Ma\ be pUeVenW
10-25 mm Hg

OfWen pUeVenW
>25 mm Hg (adXlW)
25-40 mm Hg (child)

AbVence VXggeVWV
UeVpiUaWoU\ mXVcle
faWigXe

PEF (if used in
clinical practice) after
initial bronchodilator
% predicted or %
personal best

>80% AppUo[imaWel\
60%-80%

<60% pUedicWed oU
peUVonal beVW (<100
L/min adXlWV) oU
UeVponVe laVWV <2
hoXUV

PaCO2 NoUmal, WeVW XVXall\
noW neceVVaU\

>60 mm Hg <60 mm Hg; poVVible
c\anoViV

<45 mm Hg <45 mm Hg >45 mm Hg; poVVible
UeVpiUaWoU\ failXUe

SpO2 (room air)% >95% 91%-95% <90%

*The pUeVence of VeYeUal paUameWeUV, bXW noW neceVVaUil\ all, indicaWeV Whe geneUal claVViÀcaWion of Whe aWWack.
†GXide Wo limiWV of noUmal UeVpiUaWoU\ UaWe in infanWV and childUen: age <2 monWhV, UeVpiUaWoU\ UaWe <60/min; age 2-12 monWhV,
UeVpiUaWoU\ UaWe <50/min; age 1-5 \eaUV, UeVpiUaWoU\ UaWe <40/min; age 6-8 \eaUV, UeVpiUaWoU\ UaWe <30/min.
ÂGXide Wo limiWV of noUmal pXlVe UaWe in infanWV and childUen: infanW (2-12 monWhV), pXlVe UaWe <160/min; WoddleU (1-2 \eaUV), pXlVe UaWe
<120/min; pUeVchool/Vchool age (2-8 \eaUV), pXlVe UaWe <110/min.
AdapWed fUom NaWional HeaUW, LXng, and Blood InVWiWXWe and WoUld HealWh OUgani]aWion. Global SWUaWeg\ foU AVWhma ManagemenW and
PUeYenWion NHLBI/WHO WoUkVhoS ReSoUW. US DepaUWmenW of HealWh and HXman SeUYiceV; 1997. PXblicaWion 97-4051.

Table 35. Managing Acute Asthma

AVWKPD VHYHULW\ SHYHULW\ LQWHUYHQWLRQV

Mild to moderate

Moderate to severe

AdminiVWeU hXmidiÀed O2 in high concenWUaWion Yia naVal cannXla oU O2 maVk; WiWUaWe
accoUding Wo pXlVe o[imeWU\. Keep O2 VaWXUaWion �94%.
AdminiVWeU albXWeUol b\ meWeUed-doVe inhaleU oU nebXli]eU VolXWion.
AdminiVWeU oUal coUWicoVWeUoidV.

AdminiVWeU hXmidiÀed O2 in high concenWUaWionV Wo keep O2 VaWXUaWion 95%; XVe a
nonUebUeaWhing maVk if needed. If WhiV iV XnVXcceVVfXl, fXUWheU VXppoUW VXch aV noninYaViYe
poViWiYe-pUeVVXUe YenWilaWion oU high-ÁoZ naVal cannXla ma\ be indicaWed.
AdminiVWeU albXWeUol b\ meWeUed-doVe inhaleU (ZiWh VpaceU) oU nebXli]eU VolXWion. If
Zhee]ing and aeUaWion aUe noW alleYiaWed, conWinXoXV albXWeUol adminiVWUaWion ma\ be
UeqXiUed.



Severe to impending
respiratory failure

All of Whe pUeYioXV WheUapieV aUe indicaWed in addiWion Wo Whe folloZing:

Managing LXng TiVVXe DiVeaVe

LXQg WLVVXe dLVeaVe (alVo called SaUeQcK\PaO OXQg dLVeaVe) referV Wo YarioXV clinical condiWionV. Common caXVeV of
lXng WiVVXe diVeaVe are pneXmonia (eg, infecWioXV, chemical, aVpiraWion) and cardiogenic pXlmonar\ edema, bXW
ARDS and WraXmaWic pXlmonar\ conWXVion are oWher caXVeV. LXng WiVVXe diVeaVe can alVo reVXlW from allergic,
YaVcXlar, ZideVpread inÁammaWor\, enYironmenWal, and oWher facWorV.

GeneUal ManagemenW Rf LXng TiVVXe DiVeaVe

General managemenW of lXng WiVVXe diVeaVe inclXdeV Whe iniWial inWerYenWionV in Table 30. In children ZiWh h\po[emia
refracWor\ Wo high inVpired O2 concenWraWionV, oWher modaliWieV WhaW offer Yar\ing degreeV of inVpiraWor\ and e[piraWor\
preVVXre VXpporW are XVXall\ helpfXl; WheVe inclXde hXmidiÀed high-ÁoZ naVal cannXla, CPAP or bileYel poViWiYe
airZa\ preVVXre (mechanical YenWilaWion), and poViWiYe e[piraWor\ preVVXre (CPAP, noninYaViYe YenWilaWion, or
mechanical YenWilaWion ZiWh poViWiYe end-e[piraWor\ preVVXre [PEEP]).

SSeciÀc ManagemenW Rf LXng TiVVXe DiVeaVe b\ EWiRlRg\

SpeciÀc caXVeV of lXng WiVVXe diVeaVe reqXire VpeciÀc inWerYenWionV. ThiV VecWion reYieZV Whe managemenW of lXng
WiVVXe diVeaVe from Whe folloZing caXVeV:

MaQaJLQJ IQIHcWLRXV PQHXPRQLa

InfecWioXV pneXmonia reVXlWV from Yiral, bacWerial, or fXngal inÁammaWion of Whe alYeoli. VirXVeV, bacWeria (eg,
SWUeSWRcRccXV SQeXPRQLae), and aW\pical bacWeria (eg, M\cRSOaVPa SQeXPRQLae and CKOaP\dLa SQeXPRQLae)
commonl\ caXVe acXWe commXniW\-acqXired pneXmonia in children. MeWhicillin-reViVWanW SWaSK\ORcRccXV aXUeXV iV
increaVingl\ common and ma\ caXVe emp\ema (ie, a collecWion of pXV and ÁXid in Whe pleXral caYiW\).

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc inWerYenWionV for managing acXWe infecWioXV pneXmonia
inclXde

AdminiVWeU ipUaWUopiXm bUomide b\ nebXli]eU VolXWion. AlbXWeUol and ipUaWUopiXm ma\ be
mi[ed foU nebXli]aWion. ConVideU eVWabliVhing YaVcXlaU acceVV foU adminiVWeUing ÁXidV and
medicaWionV.
AdminiVWeU coUWicoVWeUoidV PO/IV.
ConVideU adminiVWeUing magneViXm VXlfaWe b\ VloZ (15-30 minXWeV) IV bolXV infXVion Zhile
moniWoUing heaUW UaWe and blood pUeVVXUe.
PeUfoUm diagnoVWic aVVeVVmenWV (eg, aUWeUial blood gaV, cheVW [-Ua\) aV indicaWed.

AdminiVWeU O2 in high concenWUaWionV; XVe a nonUebUeaWhing maVk if aYailable.
AdminiVWeU albXWeUol b\ conWinXoXV nebXli]eU.
AdminiVWeU coUWicoVWeUoid IV if noW alUead\ giYen.
ConVideU adminiVWUaWion of IM epinephUine.
TeUbXWaline UemainV an alWeUnaWiYe, VXbcXWaneoXVl\ oU b\ conWinXoXV IV infXVion.
PUacWicall\, hoZeYeU, WeUbXWaline can ofWen be difÀcXlW Wo obWain and adminiVWeU in a Wimel\
manneU; IM epinephUine iV pUefeUUed in an emeUgenW ViWXaWion.
ConVideU bileYel poViWiYe aiUZa\ pUeVVXUe (noninYaViYe poViWiYe-pUeVVXUe YenWilaWion),
eVpeciall\ in aleUW, coopeUaWiYe childUen.
ConVideU ET inWXbaWion foU childUen ZiWh UefUacWoU\ h\po[emia (loZ O2 VaWXUaWion),
ZoUVening clinical condiWion (eg, decUeaVing leYel of conVcioXVneVV, iUUegXlaU bUeaWhing), oU
boWh deVpiWe Whe aggUeVViYe medical managemenW deVcUibed alUead\. InWXbaWion in an
aVWhmaWic child caUUieV VigniÀcanW UiVk foU UeVpiUaWoU\ and ciUcXlaWoU\ complicaWionV.
BecaXVe of Whe high inWUaWhoUacic pUeVVXUeV in paWienWV ZiWh aVWhma, Ze highl\ Uecommend
inVeUWing a cXffed ET WXbe.

InfecWioXV pneXmonia
Chemical pneXmoniWiV
AVpiraWion pneXmoniWiV
Cardiogenic pXlmonar\ edema
Noncardiogenic pXlmonar\ edema (ARDS)

Performing diagnoVWic aVVeVVmenWV (eg, arWerial blood gaV, cheVW [-ra\, Yiral VWXdieV, compleWe blood coXnW, blood
cXlWXre, VpXWXm gram VWain and cXlWXre) aV indicaWed



MaQaJLQJ CKHPLcaO PQHXPRQLWLV

Chemical pneXmoniWiV iV an inÁammaWion of Whe lXng WiVVXe caXVed b\ inhaling or aVpiraWing Wo[ic liqXidV, gaVeV, or
parWicXlaWe maWWer VXch aV dXVW or fXmeV. AVpiraWing h\drocarbonV or inhaling irriWanW gaVeV (eg, chlorine) can reVXlW in
noncardiogenic pXlmonar\ edema ZiWh increaVed capillar\ permeabiliW\.

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, managing chemical pneXmoniWiV ma\ inclXde VpeciÀc inWerYenWionV,
VXch aV

ObWaining earl\ conVXlWaWion in a child ZiWh rapidl\ progreVViYe V\mpWomV. ConVider referral Wo a Vpeciali]ed cenWer for
adYanced WechnologieV (eg, high-freqXenc\ oVcillaWion or pediaWric e[Wracorporeal membrane o[\genaWion).

MaQaJLQJ AVSLUaWLRQ PQHXPRQLWLV

AVpiraWion pneXmoniWiV iV a form of chemical pneXmoniWiV reVXlWing from Whe Wo[ic effecWV of aVpiraWed oral VecreWionV
or VWomach acid and en]\meV and Whe VXbVeqXenW inÁammaWor\ reVponVe.

In addiWion Wo Whe iniWial inWerYenWionV for Whe general managemenW of lXng WiVVXe diVeaVe in Table 30, managing
aVpiraWion pneXmoniWiV inclXdeV VpeciÀc inWerYenWionV, VXch aV

MaQaJLQJ CaUdLRJHQLc PXOPRQaU\ EdHPa

In cardiogenic pXlmonar\ edema, high preVVXre in Whe pXlmonar\ capillarieV caXVeV ÁXid Wo leak inWo Whe lXng
inWerVWiWiXm and alYeoli. The moVW common caXVe of acXWe cardiogenic pXlmonar\ edema in children iV lefW YenWricXlar
m\ocardial d\VfXncWion, Zhich can reVXlW from congeniWal hearW diVeaVe, m\ocardiWiV, cardiom\opaWh\, inÁammaWor\
proceVVeV, h\po[ia, and cardiac-depreVVanW drXgV (eg, ћ-adrenergic blockerV, Wric\clic anWidepreVVanWV, calciXm
channel blockerV).

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc inWerYenWionV for managing cardiogenic pXlmonar\ edema
inclXde

IndicaWionV for YenWilaWor VXpporW (noninYaViYe YenWilaWion or ET inWXbaWion ZiWh mechanical YenWilaWion) in children ZiWh
cardiogenic pXlmonar\ edema inclXde

Add PEEP dXring mechanical YenWilaWion Wo help redXce Whe need for high O2 concenWraWionV. YoX ma\ XVXall\ VWarW iW
aW aboXW 5 cm H2O and adjXVW XpZard XnWil O2 VaWXraWion and o[\gen deliYer\ improYe. Too mXch PEEP ma\ creaWe
pXlmonar\ h\perinÁaWion WhaW impedeV boWh V\VWemic and YenoXV reWXrn Wo Whe hearW, WhXV redXcing cardiac oXWpXW and
O2 deliYer\.

AdminiVWering anWibioWic Wherap\ (Whe goal iV Wo adminiVWer ZiWhin Whe ÀrVW hoXr afWer medical conWacW); iW ma\ noW be
neceVVar\ Wo draZ blood cXlWXreV before giYing anWibioWicV, Vo folloZ faciliW\ proWocol
TreaWing Zhee]ing ZiWh albXWerol b\ meWered-doVe inhaler or nebXli]er VolXWion
ConVidering Whe XVe of noninYaViYe poViWiYe-preVVXre YenWilaWion (eg, hXmidiÀed high-ÁoZ naVal cannXla, bileYel
poViWiYe airZa\ preVVXre, CPAP); in VeYere caVeV, endoWracheal inWXbaWion and mechanical YenWilaWion ma\ be
reqXired
RedXcing meWabolic demand b\ normali]ing WemperaWXre (ie, WreaWing feYer)

TreaWing Zhee]ing ZiWh nebXli]ed bronchodilaWor
ConVidering XVing CPAP or noninYaViYe YenWilaWion. InWXbaWion and mechanical YenWilaWion ma\ be reqXired.
ConVider earl\ inWXbaWion parWicXlarl\ if Whe child reqXireV WranVporW Wo a WerWiar\ care faciliW\, iV noW WoleraWing
VecreWionV, or demonVWraWeV eYidence of Xpper airZa\ edema and obVWrXcWion.

ConVidering XVing CPAP or noninYaViYe YenWilaWion. InWXbaWion and mechanical YenWilaWion ma\ be reqXired in
VeYere caVeV.
ConVidering adminiVWering anWibioWicV if Whe child haV a feYer and an inÀlWraWe iV preVenW on a cheVW [-ra\.
Proph\lacWic anWimicrobial Wherap\ iV noW indicaWed.

ProYiding YenWilaWor VXpporW (ie, noninYaViYe YenWilaWion or mechanical YenWilaWion ZiWh PEEP) aV needed
ConVidering diXreWicV Wo redXce lefW aWrial preVVXre, inoWropic infXVionV, and afWerload-redXcing agenWV Wo improYe
YenWricXlar fXncWion, and obWaining e[perW conVXlWaWion
RedXcing meWabolic demand b\ normali]ing WemperaWXre (WreaW feYer)

PerViVWenW h\po[emia deVpiWe o[\gen adminiVWraWion and noninYaViYe YenWilaWion
Impending reVpiraWor\ failXre
Hemod\namic compromiVe (eg, h\poWenVion, VeYere Wach\cardia, VignV of Vhock)



MaQaJLQJ NRQcaUdLRJHQLc PXOPRQaU\ EdHPa

ARDS XVXall\ folloZV a pXlmonar\ (eg, pneXmonia or aVpiraWion) or V\VWemic (eg, VepViV, pancreaWiWiV, WraXma)
diVeaVe proceVV WhaW injXreV Whe inWerface beWZeen Whe alYeoli and pXlmonar\ capillarieV and WriggerV releaVe of
inÁammaWor\ mediaWorV. AV a reVXlW, o[\gen diffXVion inWo Whe blood and, Wo a leVVer degree, CO2 diffXVion from Whe
blood Wo Whe alYeoli iV compromiVed. Recogni]ing and WreaWing bacWeremia, Vhock, and reVpiraWor\ failXre earl\ ma\
help preYenW Whe progreVVion Wo ARDS.

CharacWeriVWicV of ARDS inclXde

In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc inWerYenWionV for managing ARDS ma\ inclXde

IndicaWionV for YenWilaWor\ VXpporW (noninYaViYe YenWilaWion or ET inWXbaWion ZiWh mechanical YenWilaWion) in children ZiWh
ARDS are

CorrecWing h\po[emia iV Whe moVW imporWanW inWerYenWion, accompliVhed b\ increaVing PEEP XnWil O2 VaWXraWion iV
adeqXaWe. ´PermiVViYeµ h\percarbia iV a WreaWmenW approach WhaW recogni]eV WhaW correcWing increaVed PaC22 iV leVV
imporWanW Whan correcWing h\po[emia. MainWaining loZ Widal YolXmeV (5-8 mL/kg; loZer for children ZiWh decreaVed lXng
compliance) and keeping peak inVpiraWor\ preVVXre leVV Whan 30 Wo 35 cm H2O iV more imporWanW Whan correcWing Whe
PaC22.

When \oX anWicipaWe ET inWXbaWion in children ZiWh lXng WiVVXe diVeaVe, anWicipaWe XVing PEEP and airZa\ preVVXreV
aV high aV 29 Wo 32 cm H2O. To enVXre WhaW boWh are proYided effecWiYel\, XVe a cXffed ET WXbe Wo preYenW gloWWic air
leak. When XVing a cXffed WXbe, carefXll\ moniWor cXff inÁaWion preVVXre and mainWain iW according Wo manXfacWXrer·V
recommendaWionV (W\picall\ leVV Whan 20 Wo 25 cm H2O).

Managing DiVoUdeUed ConWUol of BUeaWhing

DiVordered conWrol of breaWhing reVXlWV in an abnormal reVpiraWor\ paWWern WhaW prodXceV inadeqXaWe minXWe YenWilaWion.
Common caXVeV are neXrologic diVorderV, inclXding increaVed inWracranial preVVXre (ICP), neXromXVcXlar diVeaVe
(ZeakneVV), cenWral nerYoXV V\VWem infecWionV, head injXr\, brain WXmor, and h\drocephalXV, aV Zell aV condiWionV WhaW
depreVV Whe leYel of conVcioXVneVV, VXch aV deep VedaWion, cenWral nerYoXV V\VWem infecWion, Vei]XreV, meWabolic
diVorderV VXch aV h\perammonemia, poiVoning, or drXg oYerdoVe.

GeneUal ManagemenW Rf DiVRUdeUed CRnWURl Rf BUeaWhing

General managemenW Wo WreaW diVordered conWrol of breaWhing inclXdeV Whe iniWial inWerYenWionV in Table 30.

SSeciÀc ManagemenW Rf DiVRUdeUed CRnWURl Rf BUeaWhing b\ EWiRlRg\

SpeciÀc caXVeV of diVordered conWrol of breaWhing reqXire VpeciÀc inWerYenWionV. ThiV VecWion reYieZV managing
diVordered conWrol of breaWhing caXVed b\ Whe folloZing:

MaQaJLQJ RHVSLUaWRU\ DLVWUHVV/FaLOXUH WLWK IQcUHaVHd ICP

IncreaVed ICP can be a complicaWion of meningiWiV, encephaliWiV, inWracranial abVceVV, VXbarachnoid hemorrhage,
VXbdXral or epidXral hemaWoma, WraXmaWic brain injXr\, h\po[ic/iVchemic inVXlW, h\drocephalXV, and cenWral nerYoXV

AcXWe onVeW (ZiWhin 7 da\V afWer inVXlW)
Pa22/FI22 300 or leVV (ZiWh fXll face-maVk bileYel YenWilaWion or CPAP 5 cm H2O or greaWer)
O[\genaWion inde[ (OI: [FI22 ð mean airZa\ preVVXre ð 100]/Pa22) 4 or greaWer
NeZ inÀlWraWe on cheVW [-ra\ conViVWenW ZiWh acXWe pXlmonar\ parench\mal diVeaVe
No eYidence for a cardiogenic or ÁXid oYerload caXVe of pXlmonar\ edema

MoniWoring hearW raWe and rh\Whm, blood preVVXre, reVpiraWor\ raWe, pXlVe o[imeWr\, and end-Widal CO2
ObWaining laboraWor\ VWXdieV, inclXding arWerial blood gaV, cenWral YenoXV blood gaV, and compleWe blood coXnW
ProYiding YenWilaWor\ VXpporW (ie, noninYaViYe YenWilaWion or mechanical YenWilaWion ZiWh PEEP) aV needed

WorVening clinical and radiographic lXng diVeaVe
H\po[emia refracWor\ Wo high concenWraWionV of inVpired O2

IncreaVed ICP
NeXromXVcXlar diVeaVe
PoiVoning or drXg oYerdoVe



V\VWem WXmor. An irregXlar reVpiraWor\ paWWern iV one Vign of increaVed ICP, and a combinaWion of irregXlar breaWhing or
apnea, increaVed mean arWerial preVVXre, and brad\cardia iV called CXVhing·V Wriad. ThiV Wriad VXggeVWV a marked
increaVe in ICP and impending brain herniaWion. HoZeYer, children ZiWh increaVed ICP alVo can preVenW ZiWh irregXlar
breaWhing, h\perWenVion, and Wach\cardia raWher Whan ZiWh brad\cardia.

If \oX VXVpecW increaVed ICP, obWain neXroVXrgical conVXlW. In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc
inWerYenWionV for diVordered conWrol of breaWhing dXe Wo increaVed ICP ma\ inclXde

AYoid VeYere proph\lacWic h\perYenWilaWion (Wo PaC22 leVV Whan 30 mm Hg) becaXVe h\perYenWilaWion can depreVV
cardiac oXWpXW b\ impairing YenoXV reWXrn. H\perYenWilaWion mXVW be XVed caXWioXVl\³if aW all³in Whe child ZiWh
WraXmaWic brain injXr\ becaXVe e[ceVViYe h\perYenWilaWion ma\ caXVe cerebral YaVoconVWricWion, leading Wo brain
iVchemia and a ZorVe oXWcome. In paWienWV ZiWh VeYere WraXmaWic brain injXr\, conVider h\perYenWilaWion in Whe iniWial 48
hoXrV afWer injXr\ onl\ if Where are acXWe VignV of cerebral herniaWion. IW mXVW be gXided b\ neXromoniWoring for
eYalXaWing cerebral iVchemia.

RHVSLUaWRU\ MaQaJHPHQW LQ NHXURPXVcXOaU DLVHaVH

Chronic progreVViYe neXromXVcXlar diVeaVeV can affecW Whe mXVcleV of reVpiraWion. AffecWed children can deYelop an
ineffecWiYe coXgh and difÀcXlW\ managing VecreWionV. ComplicaWionV inclXde aWelecWaViV, reVWricWiYe lXng diVeaVe,
pneXmonia (inclXding aVpiraWion pneXmoniWiV and pneXmonia), chronic reVpiraWor\ inVXfÀcienc\, and reVpiraWor\
failXre. ConVider Whe iniWial inWerYenWionV in Table 30 for diVordered conWrol of breaWhing dXe Wo neXromXVcXlar diVeaVe.
For children ZiWh adYanced reVWricWiYe lXng diVeaVe, \oX ma\ XVe long-Werm noninYaViYe YenWilaWion.

MaQaJLQJ RHVSLUaWRU\ DLVWUHVV/FaLOXUH LQ PRLVRQLQJ RU DUXJ OYHUdRVH

One of Whe moVW common caXVeV of reVpiraWor\ diVWreVV or failXre afWer a poiVoning or drXg oYerdoVe iV depreVVion of
cenWral reVpiraWor\ driYe; leVV common caXVeV are reVpiraWor\ mXVcle ZeakneVV or paral\ViV, loVV of conVcioXVneVV,
and Xpper airZa\ obVWrXcWion b\ Whe WongXe.

ComplicaWionV of diVordered breaWhing in WhiV VeWWing inclXde Xpper airZa\ obVWrXcWion, poor reVpiraWor\ efforW and raWe,
h\po[emia, aVpiraWion, and reVpiraWor\ failXre. ComplicaWionV from a decreaVed leYel of conVcioXVneVV (eg, aVpiraWion
pneXmoniWiV and noncardiogenic pXlmonar\ edema) ma\ alVo reVXlW in reVpiraWor\ failXre. If \oX VXVpecW poiVoning,
conWacW \oXr local poiVon conWrol cenWer.

SXpporWing Whe airZa\ and YenWilaWion iV Whe main WherapeXWic inWerYenWion for managing reVpiraWor\ diVWreVV or failXre
caXVed b\ poiVoning or drXg oYerdoVe. In addiWion Wo Whe iniWial inWerYenWionV in Table 30, VpeciÀc inWerYenWionV for
diVordered conWrol of breaWhing dXe Wo poiVoning or drXg oYerdoVe ma\ inclXde

EnVXring Whe head iV midline, manXall\ VWabili]ing Whe cerYical Vpine, and XVing a jaZ-WhrXVW maneXYer if \oX
VXVpecW WraXma and need Wo open Whe airZa\
Verif\ing open/paWenW airZa\, adeqXaWe o[\genaWion, and adeqXaWe YenWilaWion. YoX ma\ occaVionall\ XVe a brief
period of mild h\perYenWilaWion aV Wempori]ing reVcXe Wherap\ in reVponVe Wo VignV of impending brain herniaWion
(eg, irregXlar reVpiraWionV or apnea, brad\cardia, h\perWenVion, XneqXal or dilaWed pXpil[V] noW reVponViYe Wo lighW,
decerebraWe or decorWicaWe poVWXring) in Whe iniWial 48 hoXrV afWer injXr\. If \oX XVe h\perYenWilaWion, \oX ma\
conVider adYanced neXromoniWoring for eYalXaWing cerebral iVchemia.
AdminiVWering 20 mL/kg IV iVoWonic cr\VWalloid (normal Valine or lacWaWed Ringer·V) if Whe child haV poor perfXVion or
oWher eYidence of poor end-organ fXncWion
AdminiVWering pharmacologic Wherap\ for managing increaVed ICP (eg, oVmoWic agenWV, h\perWonic Valine)
TreaWing agiWaWion and pain aggreVViYel\ once Whe airZa\ iV eVWabliVhed and YenWilaWion iV adeqXaWe
AYoiding h\poWenVion becaXVe iW can compromiVe cerebral blood ÁoZ in Whe VeWWing of eleYaWed ICP.
H\perWenVion, aV parW of CXVhing·V Wriad, iV ofWen preVenW Zhen ICP iV increaVed. TherapeXWic meaVXreV in Whe
acXWe phaVe VhoXld be aimed aW redXcing Whe ICP, noW adminiVWering anWih\perWenViYe medicaWionV.
AYoiding and aggreVViYel\ WreaWing feYer

ConWacWing a poiVon conWrol cenWer (1-800-222-1222)
SXcWioning Whe airZa\ in caVe of YomiWing
AdminiVWering an anWidoWe aV indicaWed. AdminiVWer nalo[one for opioid oYerdoVe (IM and inWranaVal preparaWionV
aYailable) in addiWion Wo VWandard BLS VXpporW for paWienWV ZiWh knoZn or VXVpecWed opioid oYerdoVe Zho haYe
reVpiraWor\ arreVW bXW ZiWh a deÀniWe pXlVe.
Performing diagnoVWic aVVeVVmenWV aV indicaWed (eg, arWerial blood gaV, ECG, cheVW [-ra\, elecWrol\WeV, glXcoVe,
VerXm oVmolaliW\, drXg Vcreen)
PoWenWiall\ preparing for WranVfer Zhen in a rXral or nonchildren·V hoVpiWal



FigXre 27 iV a VWep-b\-VWep gXide Wo proYiding care for a YicWim ZiWh a VXVpecWed opioid-aVVociaWed emergenc\.

Figure 27. Opioid-Associated
Emergency for Healthcare
Providers Algorithm.

SXVSHFWHG RSLRLG SRLVRQLQJ (SWHS 1)

IV WKH SHUVRQ EUHDWKLQJ QRUPDOO\? (SWHS 2)

PUHYHQW GHWHULRUDWLRQ (SWHS 3)

OQJRLQJ DVVHVVPHQW RI UHVSRQVLYHQHVV DQG EUHDWKLQJ (SWHS 4)

ConWinXe Wo aVVeVV reVponViYeneVV and breaWhing XnWil Whe child iV WranVferred Wo adYanced care. Children ZiWh opioid-
aVVociaWed emergencieV ma\ noW be able Wo mainWain an open airZa\ or breaWhe normall\. EYen WhoVe Zho receiYe
nalo[one ma\ deYelop reVpiraWor\ problemV WhaW can lead Wo cardiac arreVW.

DRHV WKH FKLOG KDYH D SXOVH? (SWHS 5)

AVVeVV for a pXlVe for no more Whan 10 VecondV.

SXSSRUW YHQWLODWLRQ (SWHS 6)

SWDUW CPR (SWHS 7)

Check for reVponViYeneVV.
ShoXW for nearb\ help.
AcWiYaWe Whe emergenc\ reVponVe V\VWem.
If \oX are alone, geW nalo[one and an AED if aYailable. If Vomeone elVe iV preVenW, Vend WhaW perVon Wo geW Whem.

If YeV (Whe perVon iV breaWhing normall\), go Wo SWepV 3 and 4.
If No (Whe perVon iV noW breaWhing normall\), go Wo SWep 5.

Tap and VhoXW. Check for reVponViYeneVV b\ Wapping Whe child·V VhoXlderV. ShoXW, "Are \oX OK?"
Open and repoViWion Whe airZa\ if needed Wo mainWain normal breaWhing. ThiV ma\ be neceVVar\ if Whe YicWim iV noW
reVponViYe or iV reVponViYe bXW Xnable Wo mainWain an open airZa\ dXe Wo a depreVVed leYel of conVcioXVneVV.
ConVider adminiVWering nalo[one, if aYailable. If \oX VXVpecW an opioid oYerdoVe, iW iV reaVonable Wo giYe nalo[one
according Wo package direcWionV and per local proWocol. MoniWor for reVponVe.
TranVporW Wo Whe hoVpiWal. If Whe YicWim iV noW alread\ in a healWhcare VeWWing, Whe\ VhoXld be WranVporWed b\ EMS Wo
a hoVpiWal.

If \eV (a pXlVe iV preVenW), go Wo SWep 6.
If no (a pXlVe iV noW preVenW), go Wo SWep 7.

Open and repoViWion Whe airZa\ before giYing reVcXe breaWhV.
ProYide reVcXe breaWhing or bag-maVk YenWilaWion. ThiV can help preYenW cardiac arreVW. ConWinXe XnWil
VponWaneoXV, normal breaWhing occXrV. ReaVVeVV Whe YicWim·V breaWhing and pXlVe eYer\ 2 minXWeV. If Where iV no
pXlVe, proYide CPR (Vee SWep 7).
GiYe nalo[one according Wo package direcWionV and per local proWocol.

If Whe child iV noW breaWhing normall\ and no pXlVe iV preVenW, proYide high-qXaliW\ CPR inclXding YenWilaWion. UVe
Whe AED aV Voon aV iW iV aYailable.
ConVider nalo[one. If nalo[one iV aYailable and \oX VXVpecW an opioid oYerdoVe, iW iV reaVonable Wo giYe iW
according Wo package direcWionV and per local proWocol. High-qXaliW\ CPR VhoXld Wake prioriW\ oYer giYing nalo[one.



CULWLcaO CRQcHSWV: MHdLcaWLRQV WR AYRLd LQ CKLOdUHQ WLWK NHXURPXVcXOaU DLVHaVH
Recall WhaW Whe XVe of VXccin\lcholine for inWXbaWing children ZiWh neXromXVcXlar diVeaVeV ma\ Wrigger life-WhreaWening
condiWionV, VXch aV h\perkalemia or malignanW h\perWhermia. SeYeral commonl\ XVed pediaWric acXWe care drXgV,
VXch aV aminogl\coVideV, haYe inWrinVic neXromXVcXlar blocking acWiYiW\ WhaW can ZorVen reVpiraWor\ mXVcle
ZeakneVV.

SXmmaU\: Managing ReVpiUaWoU\ EmeUgencieV FloZchaUW

The Managing ReVpiraWor\ EmergencieV FloZcharW VXmmari]eV general managemenW of reVpiraWor\ emergencieV and
VpeciÀc managemenW b\ eWiolog\ (Table 36). ThiV charW doeV noW inclXde all reVpiraWor\ emergencieV bXW proYideV ke\
managemenW VWraWegieV for a limiWed nXmber of diVeaVeV.

Table 36. Managing Respiratory Emergencies Flowchart

MDQDJLQJ UHVSLUDWRU\ HPHUJHQFLHV ÁRZFKDUW

Upper airway obstruction
SpeciÀc management for selected conditions

Croup Anaphylaxis Aspiration foreign body

Lower airway obstruction
SpeciÀc management for selected conditions

Bronchiolitis Asthma

Lung tissue disease
SpeciÀc management for selected conditions

Pneumonia/pneumonitis
Infectious, chemical, aspiration

Pulmonary edema
Cardiogenic or noncardiogenic (ARDS)

Disordered control of breathing
SpeciÀc management for selected conditions

Increased ICP Poisoning/overdose Neuromuscular disease

ReVoXUceV foU Managing ReVpiUaWoU\ EmeUgencieV

Refer Wo PediaWric Cardiac ArreVW AlgoriWhm.

AiUZa\ poViWioning
SXcWion aV needed

O[\gen
PXlVe o[imeWU\

ECG moniWoU aV indicaWed
BLS aV indicaWed

NebXli]ed epinephUine
CoUWicoVWeUoidV

IM epinephUine (oU aXWoinjecWoU)
AlbXWeUol
AnWihiVWamineV
CoUWicoVWeUoidV

AlloZ poViWion of comfoUW
SpecialW\ conVXlWaWion

NaVal VXcWioning
ConVideU bUonchodilaWoU WUial

AlbXWeUol � ipUaWUopiXm
CoUWicoVWeUoidV
MagneViXm VXlfaWe
IM epinephUine (if VeYeUe)
TeUbXWaline

AlbXWeUol
AnWibioWicV (aV indicaWed)
ConVideU noninYaViYe oU inYaViYe YenWilaWoU\ VXppoUW ZiWh
PEEP

ConVideU noninYaViYe oU inYaViYe YenWilaWoU\ VXppoUW ZiWh
PEEP
ConVideU YaVoacWiYe VXppoUW
ConVideU diXUeWic

AYoid h\po[emia
AYoid h\peUcaUbia
AYoid h\peUWheUmia
AYoid h\poWenVion

AnWidoWe (if aYailable)
ConWacW poiVon conWUol

ConVideU noninYaViYe oU inYaViYe
YenWilaWoU\ VXppoUW



Bag-MaVk VenWilaWiRn

Bag-maVk YenWilaWion can adeqXaWel\ o[\genaWe and YenWilaWe for a child ZiWh no breaWhing or inadeqXaWe breaWhing
deVpiWe an open/paWenW airZa\. SignV of inadeqXaWe breaWhing are apnea, abnormal reVpiraWor\ raWe, inadeqXaWe
breaWh VoXndV, and h\po[emia deVpiWe VXpplemenWal O2. When properl\ performed, bag-maVk YenWilaWion iV aV
effecWiYe aV YenWilaWion WhroXgh an endoWracheal (ET) WXbe for VhorW periodV and ma\ be Vafer. In Whe oXW-of-hoVpiWal
VeWWing, bag-maVk YenWilaWion iV eVpeciall\ XVefXl if Whe WranVporW Wime iV VhorW or proYiderV are ine[perienced in
inVerWing adYanced airZa\V or haYe inVXfÀcienW opporWXniWieV Wo mainWain compeWence in WhiV Vkill.

PUHSaULQJ IRU WKH CRXUVH

All healWhcare proYiderV Zho care for infanWV and children VhoXld be able Wo YenWilaWe effecWiYel\ ZiWh a bag and maVk.
In WhiV coXrVe \oX Zill be reqXired Wo demonVWraWe effecWiYe bag-maVk YenWilaWion dXring BLS WeVWing, in Whe AirZa\
ManagemenW SkillV SWaWion, and in Vome caVe VimXlaWionV.

HRZ WR SHOHcW aQd PUHSaUH WKH ETXLSPHQW

For YenWilaWion Wo be effecWiYe ZiWh a bag-maVk deYice, \oX mXVW knoZ hoZ Wo VelecW Whe face maVk, prepare Whe
YenWilaWion bag (VXch aV Whe Velf-inÁaWing or ÁoZ-inÁaWing bag), and proYide VXpplemenWal O2 if needed.

FDFH MDVN

SelecW a WranVparenW face maVk, if aYailable, WhaW e[WendV from Whe bridge of Whe child·V noVe Wo Whe clefW of Whe chin,
coYering Whe noVe and moXWh bXW noW compreVVing Whe e\eV (FigXre 28). A WranVparenW maVk alloZV \oX Wo Vee Whe
color of Whe child·V lipV and condenVaWion on Whe maVk (Zhich indicaWeV e[halaWion) aV Zell aV regXrgiWaWion. The maVk
VhoXld haYe a VofW rim (eg, Áe[ible cXff) WhaW moldV eaVil\ Wo creaWe a WighW Veal againVW Whe face. If Whe face-maVk Veal
iV noW WighW, O2 inWended for YenWilaWion Zill eVcape Xnder Whe maVk and YenWilaWion Zill noW be effecWiYe.

Figure 28. Proper area of the
face for face-mask
application. Note that no
pressure is applied to the
eyes.

SHOI-IQÁDWLQJ BDJ

A Velf-inÁaWing bag, W\picall\ XVed for iniWial reVXVciWaWion, conViVWV of a bag ZiWh an inWake YalYe and a nonrebreaWhing
oXWleW YalYe. The inWake YalYe alloZV Whe bag Wo Àll ZiWh eiWher O2 or room air. When \oX compreVV Whe bag, Whe inWake
YalYe cloVeV and Whe nonrebreaWhing oXWleW YalYe openV, alloZing eiWher room air or an air-O2 gaV mi[WXre Wo ÁoZ Wo Whe
child. When Whe child e[haleV, Whe nonrebreaWhing oXWleW YalYe cloVeV Wo preYenW Whe child from rebreaWhing CO2 and
e[haled gaVeV are YenWed.

FigXre 29 demonVWraWeV hoZ WheVe bagV Zork. FigXreV 29A and 29B VhoZ bagV ZiWh O2 reVerYoirV. When \oX releaVe
WheVe bagV, O2 ÁoZV inWo Whe bag from Whe O2 VoXrce and from Whe reVerYoir, Vo Whe concenWraWion of O2 in Whe bag
remainV 100%, and O2 conWinXoXVl\ ÁoZV inWo Whe reVerYoir. FigXreV 29C and 29D VhoZ bagV ZiWhoXW O2 reVerYoirV.
When \oX releaVe WheVe bagV, O2 ÁoZV inWo Whe bag from Whe O2 VoXrce, bXW ambienW air iV alVo enWrained inWo Whe
bag, Vo Whe bag becomeV Àlled ZiWh a mi[WXre of O2 and ambienW air. WiWh boWh VeWXpV, e[haled paWienW air ÁoZV inWo
Whe aWmoVphere near Whe maVk and bag connecWion (Vee Whe gra\ arroZV coming from Whe maVk in FigXreV 29A and
29C).



Figure 29A. Self-inÁating
ventilation bag with face
mask, with (A and B) and
without (C and D) O2
reservoir. A, Re-expansion
of the bag with O2 reservoir.

Figure 29B. Compressing
the bag with O2 reservoir
delivers 100% O2 to the
patient (purple arrow).

Figure 29C. Re-expansion of
the bag without an O2
reservoir.

Figure 29D. Compressing
the bag without O2 reservoir
delivers O2 mixed with room
air (aqua arrow).

The amoXnW of deliYered O2 iV affecWed b\ Widal YolXme and peak inVpiraWor\ ÁoZ raWe. EYen ZiWh VXpplemenWal O2
aWWached, Whe deliYered O2 concenWraWion YarieV from 30% Wo 80%. To deliYer a high O2 concenWraWion (60% Wo 95%),
aWWach an O2 reVerYoir Wo Whe inWake YalYe. MainWain an O2 ÁoZ of 10 Wo 15 L/min inWo a reVerYoir aWWached Wo a pediaWric
bag and a ÁoZ of aW leaVW 15 L/min inWo an adXlW bag.

CULWLcaO CRQcHSWV: UVH O2 DXULQJ RHVXVcLWaWLRQ
AWWach an O2 reVerYoir Wo Whe Velf-inÁaWing bag aV Voon aV poVVible dXring a reVXVciWaWion aWWempW. FreqXenWl\
Yerif\ WhaW O2 iV aWWached and ÁoZing Wo Whe bag. Remember Wo liVWen for O2 ÁoZ and check O2 Wank preVVXre or
Yerif\ connecWion Wo a Zall O2 VoXrce.
Once circXlaWion iV adeqXaWe and Zhen appropriaWe eqXipmenW iV aYailable, WiWraWe O2 adminiVWraWion Wo mainWain an
O2 VaWXraWion of 94% Wo 99%.



Check ZheWher Whe bag haV a pop-off YalYe. Man\ Velf-inÁaWing bagV haYe a preVVXre-limiWed pop-off YalYe VeW aW 35 Wo
45 cm H2O Wo preYenW e[ceVViYe airZa\ preVVXreV from deYeloping. HoZeYer, if Whe child haV poor lXng compliance,
haV high airZa\ reViVWance, or needV CPR, an aXWomaWic pop-off YalYe ma\ preYenW deliYer\ of VXfÀcienW Widal YolXme,
reVXlWing in inadeqXaWe YenWilaWion and cheVW e[panVion. VenWilaWion bagV XVed dXring CPR VhoXld haYe QR SRS-Rff
YaOYe or Whe YalYe VhoXld be WZiVWed inWo Whe cloVed poViWion.

CULWLcaO CRQcHSWV: CRQWLQXRXV O2 FORZ NRW PRVVLbOH WLWK SRPH SHOI-IQÁaWLQJ BaJV
Self-inÁaWing bag-maVk deYiceV ZiWh a ÀVh-moXWh or leaf-Áap²operaWed nonrebreaWhing oXWleW YalYe do noW proYide a
conWinXoXV ÁoZ of O2 Wo Whe maVk. SXch YalYeV open onl\ if Whe bag iV VqXee]ed or Whe maVk iV Vealed WighWl\ Wo Whe
face and Whe child generaWeV VigniÀcanW inVpiraWor\ force Wo open Whe YalYe. Man\ infanWV cannoW generaWe Whe
inVpiraWor\ preVVXre reqXired Wo open Whe oXWleW YalYe. Do noW XVe WhiV W\pe of bag Wo proYide VXpplemenWal O2 Wo a
VponWaneoXVl\ breaWhing infanW or child.

FORZ-IQÁDWLQJ BDJ

YoX ma\ XVe Whe Vecond kind of baVic YenWilaWion bag, a ÁoZ-inÁaWing bag (FigXre 30) (alVo called an aQeVWKeVLa bag),
in Whe inWenViYe care XniW, deliYer\ room, and operaWing room. A ÁoZ-inÁaWing bag ma\ reqXire more operaWor
e[perience Wo proYide Vafe and effecWiYe YenWilaWion Whan iV needed ZiWh a Velf-inÁaWing bag. To YenWilaWe effecWiYel\ ZiWh
a ÁoZ-inÁaWing bag, Whe proYider mXVW be able Wo adjXVW Whe ÁoZ of O2, adjXVW Whe oXWleW conWrol YalYe, enVXre a proper
Veal ZiWh Whe face maVk, and deliYer Whe appropriaWe Widal YolXme aW Whe correcW raWe. For WheVe reaVonV, onl\ Wrained
and e[perW proYiderV VhoXld XVe ÁoZ-inÁaWing bagV.

Figure 30A. Flow-inÁating
bag. A, With a pressure
manometer.

Figure 30B. Without a
pressure manometer.

BDJ SL]H

UVe a Velf-inÁaWing bag ZiWh a YolXme of aW leaVW 450 Wo 500 mL or larger for infanWV and \oXng children becaXVe
Vmaller bagV ma\ noW deliYer an effecWiYe Widal YolXme oYer Whe longer inVpiraWor\ WimeV reqXired b\ fXll-Werm neonaWeV
and infanWV. In older children or adoleVcenWV, \oX ma\ need Wo XVe an adXlW Velf-inÁaWing bag (1000 mL or larger) Wo
achieYe cheVW riVe and minXWe YenWilaWion.

PURYLGLQJ PEEP DXULQJ BDJ-MDVN 9HQWLODWLRQ

UVing PEEP ma\ improYe o[\genaWion in children ZiWh lXng WiVVXe diVeaVe or loZ lXng YolXmeV. ProYide PEEP dXring
YenWilaWion ZiWh a bag b\ adding a compaWible Vpring-loaded ball or diVk or a magneWic-diVc PEEP YalYe Wo Whe bag-
maVk or bag-WXbe V\VWem. Do noW XVe Velf-inÁaWing bag-maVk deYiceV eqXipped ZiWh PEEP YalYeV Wo proYide CPAP



dXring VponWaneoXV breaWhing becaXVe Whe oXWleW YalYe in Whe bag Zill noW open (and proYide gaV ÁoZ) XnleVV Whe child
generaWeV VigniÀcanW negaWiYe inVpiraWor\ preVVXre.

HRZ WR THVW WKH BaJ-MaVN DHYLcH

To enVXre proper fXncWion of an\ bag and maVk V\VWem, WeVW all componenWV before XVing b\

HRZ WR PRVLWLRQ WKH CKLOd

Properl\ poViWion Whe child Wo mainWain an open airZa\. DXring bag-maVk YenWilaWion, \oX ma\ need Wo moYe Whe child·V
head and neck genWl\ WhroXgh a range of poViWionV Wo opWimi]e YenWilaWion. A ´VnifÀngµ poViWion ZiWhoXW h\pere[Wending
Whe neck iV XVXall\ beVW for infanWV and WoddlerV.

To achieYe a ´VnifÀngµ poViWion, place Whe child VXpine and Áe[ Whe neck forZard aW Whe VhoXlder leYel Zhile e[Wending
Whe head. PoViWion Whe opening of Whe e[Wernal ear canal aW Whe leYel of or in fronW of Whe anWerior aVpecW of Whe VhoXlder
Zhile Whe head iV e[Wended. AYoid h\pere[Wending Whe neck becaXVe WhiV ma\ obVWrXcW Whe airZa\.

Children older Whan 2 \earV ma\ reqXire padding Xnder Whe occipXW, Zhile \oXnger children and infanWV ma\ need
padding Xnder Whe VhoXlderV or Xpper WorVo Wo preYenW e[ceVViYe Áe[ion of Whe neck WhaW can occXr Zhen Whe
prominenW occipXW reVWV on a ÁaW VXrface.

FigXre 31 VhoZV WheVe poViWionV. In FigXre 31A, Whe child iV on a ÁaW VXrface (eg, bed or Wable), and Whe oral (O),
phar\ngeal (P), and Wracheal (T) a[eV paVV WhroXgh 3 diYergenW planeV. In FigXre 31B, a folded VheeW or WoZel iV
placed Xnder Whe occipXW alignV Whe phar\ngeal and Wracheal a[eV. In FigXre 31C, e[WenVion of Whe aWlanWo-occipiWal
joinW reVXlWV in Whe alignmenW of Whe oral, phar\ngeal, and Wracheal a[eV Zhen Whe head iV e[Wended and Whe chin iV
lifWed. NoWe WhaW Whe e[Wernal ear canal iV anWerior Wo Whe VhoXlder. FigXre 31D VhoZV Whe incorrecW poViWion ZiWh neck
Áe[ion, and FigXre 31E VhoZV Whe correcW poViWion for YenWilaWion and ET inWXbaWion for an infanW. NoWe WhaW Whe e[Wernal
ear canal iV anWerior Wo Whe VhoXlder.

Figure 31A. Correct
positioning of the child older
than 2 years for ventilation
and ET intubation. A, Child
on a Áat surface (eg, bed or
table).

Figure 31B. A folded sheet
or towel under the occiput.

Checking Whe bag for leakV b\ occlXding Whe paWienW oXWleW YalYe ZiWh \oXr hand and VqXee]ing Whe bag
Checking Whe gaV ÁoZ conWrol YalYeV (inclXding an\ CPAP YalYe) Wo Yerif\ proper fXncWion
Checking Whe pop-off YalYe (if preVenW) Wo enVXre WhaW iW can be cloVed
Checking WhaW Whe O2 WXbing iV VecXrel\ connecWed Wo Whe deYice and Whe O2 VoXrce
LiVWening for Whe VoXnd of O2 ÁoZing inWo Whe bag
EnVXring WhaW Whe cXff of Whe maVk (if preVenW) iV adeqXaWel\ inÁaWed



Figure 31C. Extension of the
atlanto-occipital joint.

Figure 31D. Incorrect
position with neck Áexion.

Figure 31E. Correct position
for ventilation and ET
intubation for an infant.

ModiÀed fUom CoWp CJ, TodUeV ID. The pediaWUic aiUZa\. In: CoWp CJ, R\an JF, TodUeV ID, GoXdVoX]ian NG, edV. A PUacWice of
AneVWheVia foU InfanWV and ChildUen. 2nd ed. WB SaXndeUV Co; 1993:55-83, cop\UighW ElVeYieU.

HRZ WR PHUIRUP BaJ-MaVN VHQWLOaWLRQ

One or WZo proYiderV can operaWe a bag-maVk deYice Zhile anoWher reVcXer proYideV compreVVionV, bXW becaXVe
effecWiYe bag-maVk YenWilaWion reqXireV comple[ VWepV, iW iV noW recommended for a lone reVcXer Wo perform dXring
CPR. InVWead, Whe lone reVcXer VhoXld XVe Whe moXWh²Wo²barrier deYice WechniqXe for YenWilaWion dXring CPR. Bag-
maVk YenWilaWion can be proYided effecWiYel\ dXring 2-reVcXer CPR.

1-PHUVRQ BDJ-MDVN 9HQWLODWLRQ THFKQLTXH

If 1 healWhcare proYider iV performing bag-maVk YenWilaWion, Whe proYider mXVW open Whe airZa\ and keep Whe maVk
Vealed Wo Whe child·V face ZiWh one hand (FigXre 32) and VqXee]e Whe bag ZiWh Whe oWher hand. Form a WighW Veal
beWZeen Whe maVk and Whe child·V face and open Whe airZa\ b\ XVing Whe E-C clamp WechniqXe, deVcribed in Whe
folloZing VWepV.

Figure 32. One-handed E-C
clamp face-mask application
technique. Three Àngers of

1. If \oX do noW VXVpecW cerYical Vpine injXr\, WilW Whe head back and lifW Whe jaZ againVW Whe maVk, preVVing and Vealing
Whe maVk on Whe face. ThiV WechniqXe moYeV Whe WongXe aZa\ from Whe poVWerior phar\n[, moYeV Whe jaZ forZard,
and openV Whe moXWh. If poVVible, Whe moXWh VhoXld be open Xnder Whe maVk aV a reVXlW of eiWher lifWing Whe jaZ or
inVerWing an orophar\ngeal airZa\.

2. WiWh Whe oWher hand, VqXee]e Whe YenWilaWion bag XnWil Whe cheVW riVeV. DeliYer each breaWh oYer 1 Vecond. AYoid
e[ceVViYe YenWilaWion (refer Wo HoZ Wo DeliYer EffecWiYe VenWilaWion in WhiV ParW).



one hand lift the jaw
(forming the ´Eµ) while the
thumb and index Ànger hold
the mask to the face (making
a ´Cµ).

CULWLcaO CRQcHSWV: E-C COaPS THcKQLTXH
The WechniqXe of opening Whe airZa\ and making a Veal beWZeen Whe maVk and Whe face iV called Whe E-C clamp
WechniqXe. The Whird, foXrWh, and ÀfWh ÀngerV of one hand (forming an ´Eµ) are poViWioned along Whe jaZ Wo lifW iW forZard;
When Whe WhXmb and inde[ Ànger of Whe Vame hand (forming a ´Cµ) make a Veal Wo hold Whe maVk Wo Whe face. AYoid
preVVing on Whe VofW WiVVXeV XnderneaWh Whe chin (Whe VXbmenWal area) becaXVe WhiV can pXVh Whe WongXe inWo Whe
poVWerior phar\n[, reVXlWing in airZa\ compreVVion and obVWrXcWion.

2-PHUVRQ BDJ-MDVN 9HQWLODWLRQ THFKQLTXH

If 2 healWhcare proYiderV are aYailable Wo perform bag-maVk YenWilaWion, one proYider XVeV boWh handV Wo open Whe
airZa\ and keep Whe maVk Vealed Wo Whe child·V face and Whe oWher proYider VqXee]eV Whe bag (FigXre 33). BoWh
proYiderV VhoXld enVXre WhaW cheVW riVe iV YiVible. Be carefXl Wo aYoid deliYering Woo large a Widal YolXme, Zhich ma\
reVXlW in e[ceVViYe YenWilaWion.

Figure 33. Two-person bag-
mask ventilation technique.

The 2-perVon WechniqXe ma\ proYide more effecWiYe bag-maVk YenWilaWion Whan a 1-perVon WechniqXe. AlVo, 2-perVon
bag-maVk YenWilaWion ma\ be neceVVar\ Zhen

HRZ WR DHOLYHU EIIHcWLYH VHQWLOaWLRQ

AYoid e[ceVViYe YenWilaWion; XVe onl\ Whe force and Widal YolXme neceVVar\ Wo jXVW make Whe cheVW riVe.

CULWLcaO CRQcHSWV: EIIHcWLYH VHQWLOaWLRQ WLWK a BaJ-MaVN DHYLcH
GiYe each breaWh VloZl\ oYer aboXW 1 Vecond. WaWch for cheVW riVe. If Whe cheVW doeV noW riVe, reopen Whe airZa\.
Verif\ WhaW Where iV a WighW Veal beWZeen Whe maVk and Whe face. ReaWWempW YenWilaWion.

PUHFDXWLRQ

HealWhcare proYiderV ofWen deliYer e[ceVViYe YenWilaWion dXring CPR, Zhich iV harmfXl becaXVe iW

Making a Veal beWZeen Whe face and Whe maVk iV difÀcXlW
The proYider·V handV are Woo Vmall Wo reach from Whe fronW of Whe maVk Wo behind Whe jaZ or Wo open Whe airZa\ and
creaWe a Veal beWZeen Whe face and Whe maVk
SigniÀcanW airZa\ reViVWance (ie, aVWhma) or poor lXng compliance (ie, pneXmonia or pXlmonar\ edema) occXr
ReVWricWing Vpinal moWion iV neceVVar\

IncreaVeV inWraWhoracic preVVXre and impedeV YenoXV reWXrn, WhXV decreaVing Àlling of Whe hearW beWZeen
compreVVionV, redXcing blood ÁoZ generaWed b\ Whe ne[W compreVVion, and redXcing coronar\ perfXVion and
cerebral blood ÁoZ
CaXVeV air Wrapping and baroWraXma in children ZiWh Vmall airZa\ obVWrXcWion
IncreaVeV Whe riVk of regXrgiWaWion and aVpiraWion in children ZiWhoXW an adYanced airZa\



COLQLFDO PDUDPHWHUV RI O[\JHQDWLRQ DQG 9HQWLODWLRQ

FreqXenWl\ moniWor Whe folloZing parameWerV Wo aVVeVV Whe effecWiYeneVV of o[\genaWion and YenWilaWion:

TURXEOHVKRRWLQJ IQHIIHFWLYH 9HQWLODWLRQ

If \oX cannoW achieYe effecWiYe YenWilaWion (ie, Whe cheVW doeV noW riVe), do Whe folloZing:

SSRQWDQHRXVO\ BUHDWKLQJ CKLOG

In a VponWaneoXVl\ breaWhing child Zho reqXireV bag-maVk YenWilaWion, iW ma\ be difÀcXlW Wo coordinaWe Whe bagged
breaWhV ZiWh Whe child·V inVpiraWionV Zhen XVing a Velf-inÁaWing bag. NoW onl\ ma\ breaWhV proYided ZiWh a Velf-inÁaWing
bag be ineffecWiYe, bXW poorl\ Wimed breaWhV ma\ VWimXlaWe coXghing, YomiWing, lar\ngoVpaVm, and gaVWric inÁaWion,
Zhich preYenW effecWiYe YenWilaWion. In WheVe ViWXaWionV, a ÁoZ-inÁaWing bag (eg, aneVWheVia bag) ma\ be more
beneÀcial; WheVe bagV proYide CPAP and ÁoZV WhaW can be manipXlaWed Wo Whe needV of Whe child. If neceVVar\, Whe
healWhcare proYider can alVo aXgmenW Whe child·V VponWaneoXV inVpiraWionV b\ VqXee]ing Whe Velf-inÁaWing bag.

DHWHFWLQJ IRU CKDQJHV LQ LXQJ CRPSOLDQFH

When performing bag-maVk YenWilaWion, be aZare of Whe child·V lXng compliance. A poorl\ complianW lXng iV ´VWiffµ or
difÀcXlW Wo inÁaWe. A VXdden increaVe in lXng VWiffneVV dXring YenWilaWion ZiWh a bag ma\ indicaWe airZa\ obVWrXcWion,
decreaVed lXng compliance, or deYelopmenW of a pneXmoWhora[. LXng diVWenWion from e[ceVViYe inÁaWing preVVXreV,
PEEP, or rapid aVViVWed reVpiraWor\ raWeV ZiWh VhorW e[halaWion Wime ma\ alVo caXVe Whe feel of ´VWiff lXngVµ dXring
YenWilaWion.

CDXVHV DQG PUHYHQWLRQ RI GDVWULF IQÁDWLRQ

SWomach inÁaWion or diVWenWion freqXenWl\ deYelopV dXring bag-maVk YenWilaWion. GaVWric inÁaWion iV more likel\ Wo
deYelop dXring aVViVWed YenWilaWion if

GaVWric inÁaWion can impair a child·V YenWilaWion b\ limiWing lXng YolXmeV, inWerfering ZiWh effecWiYe YenWilaWion, and
caXVing regXrgiWaWion. To minimi]e gaVWric inÁaWion

ViVible cheVW riVe ZiWh each breaWh
O2 VaWXraWion
E[haled CO2
HearW raWe
Blood preVVXre
DiVWal air enWr\
SignV of improYemenW or deWerioraWion (eg, appearance, color, agiWaWion)

RepoViWion/reopen Whe airZa\: aWWempW Wo fXrWher lifW Whe jaZ and enVXre WhaW Whe child iV placed in a VnifÀng poViWion
Verif\ maVk Vi]e and enVXre a WighW face-maVk Veal
SXcWion Whe airZa\ if needed
Check Whe O2 VoXrce
Check Whe YenWilaWion bag and maVk
TreaW gaVWric inÁaWion
ConVider 2-perVon bag-maVk YenWilaWion and inVerWing an orophar\ngeal airZa\ (OPA)

A parWial airZa\ obVWrXcWion iV preVenW
High airZa\ preVVXreV are needed, VXch aV in a child ZiWh poor lXng compliance
The bag-maVk YenWilaWion raWe iV Woo faVW
The Widal YolXme deliYered iV e[ceVViYe
The peak inVpiraWor\ preVVXre creaWed iV e[ceVViYe (eg, more Whan 30 cm H2O)
The child iV XnconVcioXV or iV in cardiac arreVW (becaXVe Whe gaVWro-eVophageal VphincWer openV aW a loZer Whan
normal preVVXre)

VenWilaWe aW a raWe of 1 breaWh eYer\ 2 Wo 3 VecondV (aboXW 20-30 breaWhV per minXWe)
UVe a manomeWer (if aYailable) and aYoiding, if aW all poVVible, generaWing e[ceVViYe peak inVpiraWor\ preVVXreV
(eg, more Whan 30 cm H2O) b\ deliYering each breaWh oYer aboXW 1 Vecond
DeliYer enoXgh YolXme and preVVXre Wo prodXce YiVible cheVW riVe
ConVider adminiVWering cricoid preVVXre; alWhoXgh cricoid preVVXre iV noW roXWinel\ recommended dXring
endoWracheal inWXbaWion of pediaWric paWienWV, iW can be conVidered Wo redXce Whe riVk of gaVWric inÁaWion



AdYanced proYiderV ma\ perform gaVWric decompreVVion b\ inVerWing a naVogaVWric or orogaVWric WXbe.

SXcWiRning

SXcWLRQ DHYLcHV

SXcWion deYiceV can be eiWher porWable or Zall-moXnWed XniWV.

SXcWion deYiceV XVed in children VhoXld haYe adjXVWable VXcWion regXlaWorV Vo WhaW \oX can XVe VXfÀcienW VXcWion force
and minimi]e WiVVXe WraXma. Large-bore, noncollapVible VXcWion WXbing VhoXld alZa\V be joined Wo Whe VXcWion XniW.
Semirigid phar\ngeal WipV (WonVil VXcWion WipV) and appropriaWe Vi]eV of caWheWerV VhoXld be aYailable.

IQdLcaWLRQV

YoX ma\ need Wo VXcWion VecreWionV, blood, or YomiW from Whe orophar\n[, naVophar\n[, or Wrachea Wo achieYe or
mainWain an open/paWenW airZa\.

CRPSOLcaWLRQV

ComplicaWionV of VXcWioning can inclXde

SRIW YV RLJLd CaWKHWHUV

BoWh VofW, Áe[ible and rigid VXcWioning caWheWerV are aYailable. UVe a VofW, Áe[ible VXcWion caWheWer for aVpiraWing Whin
VecreWionV from Whe orophar\n[ and naVophar\n[ and for VXcWioning an adYanced airZa\ (eg, ET WXbe). UVe a rigid
Zide-bore VXcWion cannXla (´WonVil Wipµ) for VXcWioning Whe orophar\n[, parWicXlarl\ if Whick VecreWionV, YomiW, or blood
are preVenW.

CaWKHWHU SL]HV

For a gXide Wo VelecWing Whe appropriaWe-Vi]ed VXcWion caWheWer, XVe a color-coded lengWh-baVed reVXVciWaWion Wape or
oWher reference.

OURSKaU\QJHaO SXcWLRQLQJ PURcHdXUH

FolloZ WheVe VWepV Wo VXcWion Whe orophar\n[:

NRWe: SXcWion aWWempWV ma\ need Wo be longer Whan 10 VecondV if Whe airZa\ iV obVWrXcWed (eg, b\ blood). YoX cannoW
adeqXaWel\ o[\genaWe or YenWilaWe XnleVV Whe airZa\ iV open and clear.

² If cricoid preVVXre iV applied, iW mXVW be diVconWinXed if
A Wracheal obVWrXcWion compromiVeV bag-maVk YenWilaWion or
The Vpeed or eaVe of inWXbaWion iV compromiVed

AlWhoXgh porWable VXcWion deYiceV are eaV\ Wo WranVporW, Whe\ ma\ noW haYe adeqXaWe VXcWion poZer. A VXcWion
force of ²80 Wo ²120 mm Hg iV generall\ needed Wo remoYe airZa\ VecreWionV.
BXlb or V\ringe VXcWion deYiceV are Vimple Wo XVe and reqXire no oXWVide YacXXm VoXrce. TheVe deYiceV ma\ be
inadeqXaWe in larger paWienWV or Zhen VecreWionV are Whick or copioXV.
Wall-moXnWed VXcWion XniWV can proYide a high VXcWion force of more Whan ²300 mm Hg.

H\po[ia
Vagal VWimXlaWion reVXlWing in brad\cardia
Gagging and YomiWing
SofW WiVVXe injXr\
AgiWaWion

1. GenWl\ inVerW Whe diVWal end of Whe VXcWion caWheWer or deYice inWo Whe orophar\n[ oYer Whe WongXe. GXide iW inWo Whe
poVWerior phar\n[ (back of Whe WhroaW).

2. Appl\ VXcWion b\ coYering Whe caWheWer Vide opening. AW Whe Vame Wime, ZiWhdraZ Whe caWheWer ZiWh a roWaWing or
WZiVWing moWion.

3. Tr\ Wo limiW VXcWion aWWempWV Wo 10 VecondV or leVV Wo help redXce Whe riVk of h\po[emia (loZ o[\gen VaWXraWion).
YoX ma\ giYe VhorW periodV of 100% o[\gen immediaWel\ before and afWer each VXcWioning aWWempW.



CULWLcaO CRQcHSWV: MRQLWRULQJ DXULQJ SXcWLRQLQJ
MoniWor Whe child·V hearW raWe, o[\gen VaWXraWion, and clinical appearance dXring VXcWioning. In general, if brad\cardia
deYelopV or clinical appearance deWerioraWeV, inWerrXpW VXcWioning. GiYe high-ÁoZ o[\gen and bag-maVk YenWilaWion, if
needed, XnWil Whe hearW raWe and clinical appearance reWXrn Wo normal.

OURShaU\ngeal AiUZa\

DHVcULSWLRQ

UVXall\ made of plaVWic, Whe OPA conViVWV of a Áange, a VhorW biWe-block VegmenW, and a cXrYed bod\. IW iV Vhaped Wo
proYide an air channel and a paVVage for a VXcWion caWheWer Wo Whe phar\n[. The OPA ÀWV oYer Whe WongXe Wo preYenW iW
and oWher VofW VWrXcWXreV of Whe WhroaW from obVWrXcWing Whe airZa\. IW iV noW inWended Wo be XVed long-Werm aV a biWe-
block deYice in agiWaWed paWienWV.

IQdLcaWLRQV

An OPA ma\ relieYe Xpper airZa\ obVWrXcWion caXVed b\ Whe WongXe. UVing a correcW-Vi]ed OPA Zill noW damage
lar\ngeal VWrXcWXreV. IW ma\ be XVed in Whe XQcRQVcLRXV child ZiWh no gag reÁe[ if procedXreV Wo open Whe airZa\ (eg,
head WilW²chin lifW or jaZ WhrXVW) fail Wo proYide and mainWain a clear, XnobVWrXcWed airZa\; hoZeYer, an OPA VhoXld noW
be XVed in a cRQVcLRXV or VePLcRQVcLRXV child becaXVe iW ma\ VWimXlaWe gagging and YomiWing. Before XVing an OPA,
check if Whe child haV a gag reÁe[. If Vo, do noW XVe an OPA.

CRPSOLcaWLRQV

ChooVe Whe correcW-Vi]ed OPA. A properl\ Vi]ed OPA relieYeV airZa\ obVWrXcWion caXVed b\ Whe WongXe ZiWhoXW
damaging Whe lar\n[. The Wip of Whe OPA VhoXld end jXVW aW Whe angle of Whe jaZ, Vo WhaW once inVerWed, iW Zill align ZiWh
Whe gloWWiV opening (FigXre 34A). If Whe OPA iV WRR OaUge, iW can block Whe airZa\ or caXVe WraXma Wo Whe lar\ngeal
VWrXcWXreV (FigXre 32B). If Whe OPA iV WRR VPaOO or iV inVerWed improperl\, iW can pXVh Whe WongXe inWo Whe back of Whe
WhroaW and conWribXWe Wo airZa\ obVWrXcWion (FigXre 34C).

Figure 34A. Selecting an
OPA. A, Properly sized OPA.

Figure 34B. If the OPA is too
large, it will obstruct the
airway by pushing the
epiglottis down.

Figure 34C. If the OPA is too
small, it will worsen airway



obstruction by pushing the
tongue into the back of the
throat.

ModiÀed fUom CoWp CJ, TodUeV ID. The pediaWUic aiUZa\. In: CoWp CJ, R\an JF, TodUeV ID, GoXdVoX]ian NG, edV. A PUacWice of
AneVWheVia foU InfanWV and ChildUen. 2nd ed. WB SaXndeUV Co; 1993:55-83, cop\UighW ElVeYieU.

ALUZa\ SHOHcWLRQ aQd IQVHUWLRQ PURcHdXUH

OPA Vi]eV range from 4 Wo 10 cm in lengWh (GXedel Vi]eV 000-4). FolloZ WheVe VWepV Wo chooVe Whe correcW-Vi]ed OPA
and inVerW iW inWo Whe airZa\:

O[\gen DeliYeU\ S\VWemV

IQdLcaWLRQV IRU O[\JHQ

For children ZiWh reVpiraWor\ diVWreVV or Vhock, o[\gen XpWake b\ Whe lXngV and o[\gen deliYer\ Wo Whe WiVVXeV W\picall\
redXce. AW Whe Vame Wime, WiVVXe demand for o[\gen ma\ increaVe. GiYe high-ÁoZ o[\gen Wo all VerioXVl\ ill or injXred
children ZiWh VeYere reVpiraWor\ diVWreVV, Vhock, or changeV in menWal VWaWXV. AV Voon aV poVVible, add hXmidiÀcaWion
Wo Whe o[\gen deliYer\ V\VWem Wo help preYenW airZa\ dr\neVV.

GLYLQJ O[\JHQ WR a CRQVcLRXV CKLOd

BecaXVe agiWaWion can increaVe o[\gen demand and reVpiraWor\ diVWreVV, balance Whe need Wo improYe o[\gen
deliYer\ againVW poVVible agiWaWion WhaW ma\ reVXlW from appl\ing an o[\gen deliYer\ deYice Wo an alerW child in
reVpiraWor\ diVWreVV. If a child iV agiWaWed b\ one meWhod of o[\gen deliYer\, Wr\ an alWernaWiYe WechniqXe. For e[ample,
if Whe child iV XpVeW b\ an o[\gen maVk, Wr\ direcWing a ´bloZ-b\µ VWream of hXmidiÀed o[\gen WoZard Whe child·V moXWh
and noVe. IW ma\ be helpfXl Wo haYe a perVon familiar Wo Whe child, VXch aV a parenW, inWrodXce Whe o[\gen deliYer\
eqXipmenW.

When giYing o[\gen Wo an alerW child in reVpiraWor\ diVWreVV, alloZ Whe child Wo remain in a poViWion of comforW Wo
minimi]e reVpiraWor\ efforW and help keep Whe airZa\ aV open aV poVVible. For infanWV and \oXng children, Whe beVW
poViWion mighW be in Whe armV of Whe parenW or caregiYer.

GLYLQJ O[\JHQ WR a CKLOd WLWK a DHcUHaVHd LHYHO RI CRQVcLRXVQHVV

If a child haV a decreaVed leYel of conVcioXVneVV, Whe airZa\ ma\ become obVWrXcWed b\ a combinaWion of Whe
folloZing:

If Whe child iV XnconVcioXV ZiWh no coXgh or gag reÁe[, open Whe airZa\ and inVerW an OPA. UVe Whe head WilW²chin lifW
maneXYer or a jaZ WhrXVW Wo open Whe airZa\.

If \oX don·W VXVpecW WraXma and Whe child iV breaWhing normall\, roll Whe child onWo her Vide in a neXWral poViWion. Place
Whe child on her Vide onl\ if \oX do noW need Wo perform an\ oWher inWerYenWionV.

SXcWion Whe orophar\n[ and naVophar\n[ Wo clear VecreWionV, mXcXV, or blood if needed. Once Whe airZa\ iV open and
clear, \oX can giYe o[\gen b\ a YarieW\ of o[\gen deliYer\ V\VWemV.

CULWLcaO CRQcHSWV: JaZ TKUXVW
A properl\ performed jaZ WhrXVW iV Whe moVW effecWiYe meanV Wo open Whe pediaWric airZa\. ProYiderV, hoZeYer, are
ofWen ine[perienced ZiWh WhiV WechniqXe becaXVe iW iV difÀcXlW Wo pracWice Whe Vkill ZiWh Vome CPR manikinV.

1. Place Whe OPA againVW Whe Vide of Whe child·V face. The Wip of Whe OPA VhoXld e[Wend from Whe corner of Whe moXWh
Wo Whe angle of Whe jaZ (FigXre 34A).

2. GenWl\ inVerW Whe OPA direcWl\ inWo Whe orophar\n[. The XVe of a WongXe blade Wo depreVV Whe WongXe ma\ be
helpfXl.

3. AfWer inVerWing an OPA, moniWor Whe child. Keep Whe head and jaZ poViWioned properl\ Wo mainWain an open/paWenW
airZa\. SXcWion Whe airZa\ aV needed.

Fle[ing Whe neck
Rela[ing Whe jaZ
DiVplacing Whe WongXe againVW Whe back of Whe WhroaW
AccXmXlaWing VecreWionV



T\SHV RI O[\JHQ DHOLYHU\ S\VWHPV

For a VponWaneoXVl\ breaWhing child Zho needV VXpplemenWal o[\gen, \oX need Wo knoZ Zhich o[\gen deliYer\
V\VWem Wo XVe³eiWher loZ ÁoZ or high ÁoZ. ConVider Whe child·V clinical VWaWXV and Whe deVired concenWraWion of
inVpired o[\gen Zhen chooVing Whe appropriaWe V\VWem. LoZ-ÁoZ o[\gen deliYer\ V\VWemV inclXde a naVal cannXla
and Vimple o[\gen maVk, Zhile high-ÁoZ o[\gen deliYer\ V\VWemV inclXde a nonrebreaWhing maVk a ZiWh reVerYoir
and a high-ÁoZ naVal cannXla.

SeYeral facWorV deWermine Whe concenWraWion of inVpired o[\gen. TheVe inclXde o[\gen ÁoZ inWo Whe deYice, Whe child·V
inVpiraWor\ ÁoZ, and hoZ WighWl\ Whe deYice ÀWV againVW Whe child·V face.

LRZ-FORZ O[\JHQ DHOLYHU\ S\VWHPV

A loZ-ÁoZ o[\gen deliYer\ V\VWem deliYerV air WhroXgh a naVal cannXla or a Vimple maVk WhaW doeV noW ÀW WighWl\
againVW Whe child·V face. The o[\gen ÁoZ inWo Whe deliYer\ deYice iV leVV Whan Whe child·V inVpiraWor\ ÁoZ raWe. When Whe
child inhaleV, Whe child inVpireV Vome room air along ZiWh Whe o[\gen proYided b\ Whe deYice. AV a reVXlW, Whe o[\gen
from Whe deYice mi[eV ZiWh room air, Vo Whe child receiYeV a Yariable o[\gen concenWraWion. The higher Whe o[\gen
ÁoZ proYided, Whe higher Whe inVpired o[\gen concenWraWion.

LoZ-ÁoZ V\VWemV generall\ proYide an inVpired o[\gen concenWraWion of aboXW 22% Wo 60% and are XVed for relaWiYel\
VWable children Zho reqXire a relaWiYel\ loZ inVpired o[\gen concenWraWion, VXch aV Zhen a child iV noW in VeYere
reVpiraWor\ diVWreVV or Vhock.

The naVal cannXla and Vimple o[\gen maVk are e[ampleV of loZ-ÁoZ o[\gen deliYer\ V\VWemV.

NDVDO CDQQXOD

The naVal cannXla iV W\picall\ a loZ-ÁoZ o[\gen deliYer\ deYice WhaW deliYerV an inVpired o[\gen concenWraWion of 22%
Wo 60%. The appropriaWe o[\gen ÁoZ raWe for Whe naVal cannXla iV 0.25 Wo 4 L/min.

The naVal cannXla iV VXiWable for infanWV and children Zho reqXire onl\ loZ concenWraWionV of VXpplemenWal o[\gen.
NoWe WhaW in Vmall infanWV, a naVal cannXla ma\ deliYer a high inVpired o[\gen concenWraWion (refer, alVo, Wo High-FloZ
NaVal CannXla laWer in WhiV ParW). The o[\gen ÁoZ raWe alone cannoW reliabl\ deWermine Whe inVpired o[\gen
concenWraWion deliYered Yia naVal cannXla. OWher facWorV haYe inÁXence, VXch aV

SLPSOH O[\JHQ MDVN

The Vimple o[\gen maVk iV a loZ-ÁoZ deYice WhaW deliYerV an inVpired o[\gen concenWraWion of 35% Wo 60%. The
appropriaWe ÁoZ raWe for Whe Vimple o[\gen maVk iV 6 Wo 10 L/min.

The Vimple o[\gen maVk cannoW deliYer an inVpired o[\gen concenWraWion greaWer Whan 60% becaXVe room air enWerV
beWZeen Whe maVk and Whe face and WhroXgh porWV in Whe Vide of Whe maVk dXring inVpiraWion. The o[\gen
concenWraWion deliYered Wo Whe child iV redXced if

A minimXm o[\gen ÁoZ raWe of 6 L/min iV needed Wo mainWain an increaVed inVpired o[\gen concenWraWion and preYenW
rebreaWhing of e[haled CO2.

SeYeral W\peV of o[\gen maVkV can deliYer hXmidiÀed o[\gen in a Zide range of concenWraWionV. The VofW Yin\l
pediaWric maVk ma\ agiWaWe and XpVeW infanWV and WoddlerV, WhXV increaVing o[\gen demand and poWenWiall\ reVXlWing in
increaVed reVpiraWor\ diVWreVV. ThiV maVk ma\ be XVed effecWiYel\ in older children.

HLJK-FORZ O[\JHQ DHOLYHU\ S\VWHPV

The child·V Vi]e
InVpiraWor\ ÁoZ raWe
VolXme of inVpired air
NaVophar\ngeal and orophar\ngeal YolXme
NaVal reViVWance (eg, o[\gen deliYer\ iV compromiVed if nareV are obVWrXcWed)
Orophar\ngeal reViVWance

The child·V inVpiraWor\ ÁoZ iV high
The maVk doeV noW ÀW WighWl\ againVW Whe face
The o[\gen ÁoZ inWo Whe maVk iV loZ



High-ÁoZ o[\gen V\VWemV reliabl\ deliYer an o[\gen concenWraWion of greaWer Whan 60%. In a high-ÁoZ o[\gen
deliYer\ V\VWem, Whe o[\gen ÁoZ raWe iV high, aW leaVW 10 L/min. A nonrebreaWhing maVk iV Whe moVW common e[ample
of a high-ÁoZ V\VWem; high-ÁoZ naVal cannXla iV anoWher e[ample.

High-ÁoZ V\VWemV VhoXld be XVed in emergenc\ VeWWingV ZheneYer Whe child haV reVpiraWor\ diVWreVV or Vhock.

NRQUHEUHDWKLQJ MDVN

The nonrebreaWhing maVk (FigXre 35) iV a high-ÁoZ deliYer\ deYice. An inVpired o[\gen concenWraWion of 95% can be
achieYed ZiWh an o[\gen ÁoZ raWe of 10 Wo 15 L/min and Whe XVe of a Zell-Vealed face maVk.

Figure 35. Nonrebreathing
mask with reservoir.

A nonrebreaWhing maVk conViVWV of a face maVk and reVerYoir bag ZiWh Whe addiWion of 2 one-Za\ YalYeV:

AdjXVW Whe o[\gen ÁoZ raWe inWo Whe maVk Wo preYenW bag collapVe (XVXall\ greaWer Whan 10 L/min). The bag iV Àlled
ZiWh o[\gen Wo meeW Whe child·V WoWal ma[imXm inVpired ÁoZ reqXiremenWV. DXring inVpiraWion, Whe child draZV 100%
o[\gen from Whe reVerYoir bag and Whe o[\gen inÁoZ. Room air doeV noW enWer Whe maVk if Whe maVk iV WighW-ÀWWing and
Whe deliYer\ V\VWem iV cloVed.

HLJK-FORZ NDVDO CDQQXOD

The naVal cannXla can alVo be XVed aV a high-ÁoZ deliYer\ deYice b\ adjXVWing Whe o[\gen ÁoZ raWe from 4 L in
infanWV Wo Xp Wo 40 L or more in adoleVcenWV. The ÁoZ can be WiWraWed Wo proYide addiWional inVpiraWor\ and e[piraWor\
preVVXre Wo improYe Whe paWienW·V Zork of breaWhing.

High-ÁoZ naVal cannXla V\VWemV deliYer a combinaWion of boWh room air and o[\gen. WiWh WheVe V\VWemV, Whe o[\gen
concenWraWion iV WiWraWed baVed on Whe paWienW·V needV and o[\hemoglobin VaWXraWionV.

NebXli]eU

CRPSRQHQWV

A nebXli]er haV Whe folloZing componenWV:

Older children ma\ XVe Whe handheld moXWhpiece inVWead of Whe face maVk.

SWHSV IRU UVLQJ a NHbXOL]HU WLWK a HaQdKHOd MRXWKSLHcH

General VWepV for XVing a nebXli]er ZiWh a handheld moXWhpiece (FigXre 36) inclXde Whe folloZing:

A YalYe in 1 or boWh e[halaWion porW(V) Wo preYenW room air from enWering Whe maVk dXring inVpiraWion
A YalYe placed beWZeen Whe reVerYoir bag and Whe maVk Wo preYenW Whe ÁoZ of e[haled gaV inWo Whe reVerYoir

NebXli]er reVerYoir
NebXli]er cap
T-piece
Spacer
Handheld moXWhpiece or face maVk
PlaVWic o[\gen WXbing
O[\gen VoXrce or compreVVed air

1. UnVcreZ Whe cap of Whe nebXli]er reVerYoir, add medicaWion (eg, albXWerol) Wo Whe nebXli]er reVerYoir, and reaWWach
Whe cap.

2. ConnecW Whe boWWom of Whe T-piece Wo Whe Wop of Whe nebXli]er reVerYoir, and When connecW Whe Vpacer Wo one end of
Whe T-piece and Whe moXWhpiece Wo Whe oWher end.

3. ConnecW plaVWic WXbing beWZeen Whe boWWom of Whe nebXli]er boWWle and Whe preVVXri]ed o[\gen/gaV VoXrce.



Figure 36. Child receiving a
treatment by nebulizer and
handheld mouthpiece.

SWHSV IRU UVLQJ a NHbXOL]HU WLWK a FacH MaVN

FolloZ WheVe VWepV Wo XVe a nebXli]er ZiWh a face maVk:

MeWeUed-DRVe InhaleU

UVLQJ a MHWHUHd-DRVH IQKaOHU WLWK a SSacHU DHYLcH

FolloZ WheVe VWepV Wo XVe a meWered-doVe inhaler (MDI) ZiWh a Vpacer deYice (ZiWh and ZiWhoXW a face maVk):

Figure 37. Child self-
administering a treatment by
MDI with a spacer device.

4. SeW Whe gaV ÁoZ aW 5 Wo 6 L/min.
5. Hold Whe nebXli]er reVerYoir XprighW dXring deliYer\ of Whe medicaWion WhroXgh Whe moXWhpiece. Place Whe

moXWhpiece in Whe child·V moXWh and VhoZ him hoZ Wo hold iW. Tell Whe child, ´Take long, VloZ, deep breaWhV WhroXgh
\oXr moXWh.µ ConWinXe Whe WreaWmenW (aboXW 8-10 minXWeV) XnWil Whe nebXli]er reVerYoir iV empW\ and no miVW ÁoZV
from Whe T-piece.

1. UnVcreZ Whe cap of Whe nebXli]er reVerYoir, add medicaWion (eg, albXWerol) Wo Whe nebXli]er reVerYoir, and reaWWach
Whe cap.

2. AWWach Whe face maVk Wo Whe Wop of Whe nebXli]er reVerYoir.
3. ConnecW plaVWic WXbing beWZeen Whe boWWom of Whe nebXli]er reVerYoir and Whe preVVXri]ed o[\gen/gaV VoXrce.
4. SeW Whe gaV ÁoZ aW 5 Wo 6 L/min.
5. Hold Whe nebXli]er reVerYoir XprighW dXring deliYer\ of Whe medicaWion WhroXgh a face maVk. Place Whe face maVk

oYer Whe child·V face Vo WhaW iW coYerV boWh Whe noVe and moXWh; preVV Whe maVk Wo Whe face Wo enVXre a lighW Veal.
Tell Whe child, ´Take long, VloZ, deep breaWhV WhroXgh \oXr moXWh.µ ConWinXe Whe WreaWmenW (aboXW 8-10 minXWeV)
XnWil Whe nebXli]er boWWle iV empW\ and no miVW ÁoZV from Whe maVk.

1. RemoYe Whe cap from Whe Vpacer, and inVerW Whe moXWhpiece of Whe MDI inWo Whe rXbber-Vealed end of Whe Vpacer
(FigXre 37). Once aVVembled, Vhake Whe MDI and Whe Vpacer YigoroXVl\. Place Whe moXWhpiece of Whe Vpacer
deYice inWo Whe child·V moXWh.
RU
If \oX are XVing a Vpacer deYice ZiWh a face maVk, place Whe maVk oYer Whe child·V face Vo WhaW iW coYerV boWh Whe
noVe and Whe moXWh (FigXre 38). PreVV Whe maVk Wo Whe face Wo enVXre a WighW Veal.

2. While Whe child iV e[haling, acWiYaWe Whe MDI b\ preVVing doZn on Whe inhaler Wo releaVe Whe medicaWion inWo Whe
Vpacer deYice (or haYe Whe child do Vo). Tell Whe child Wo Wake 3 Wo 5 VloZ, deep breaWhV WhroXgh Whe moXWhpiece
and hold Whe laVW breaWh for 10 VecondV.
RU
If \oX are XVing a Vpacer deYice ZiWh a face maVk, depreVV Whe inhaler and alloZ Whe child Wo breaWhe normall\
WhroXgh Whe maVk for 3 Wo 5 breaWhV afWer releaVe of medicaWion.



Figure 38. Child receiving a
treatment by MDI with a
mask spacer device.

PXlVe O[imeWU\

WKHQ WR UVH PXOVH O[LPHWU\

When caring for a VerioXVl\ ill or injXred child, XVe pXlVe o[imeWr\ Wo moniWor o[\gen VaWXraWion and WrendV in o[\gen
VaWXraWion. The pXlVe o[imeWer meaVXreV Whe percenW of hemoglobin WhaW iV fXll\ VaWXraWed or boXnd ZiWh o[\gen.
Hemoglobin iV XVXall\ boXnd ZiWh o[\gen, bXW iW ma\ be boXnd ZiWh an\ agenW WhaW bindV Wo hemoglobin (eg, carbon
mono[ide). O[\gen VaWXraWion doeV noW eqXaWe Wo o[\gen deliYer\ Wo Whe WiVVXeV, and Whe pXlVe o[imeWer doeV noW
proYide informaWion aboXW Whe effecWiYeneVV of YenWilaWion (carbon dio[ide eliminaWion).

CRQÀUP WKH VaOLdLW\ RI O[LPHWHU DaWa

The pXlVe o[imeWer reqXireV pXlVaWile blood ÁoZ Wo deWermine o[\gen VaWXraWion. DifferenW brandV of pXlVe o[imeWerV
Yar\ in hoZ qXickl\ Whe\ reÁecW h\po[emia deYelopmenW and in Wheir accXrac\ Zhen Whe child haV decreaVed blood
ÁoZ; all pXlVe o[imeWr\ deYiceV are inaccXraWe XnleVV Whe pXlVe raWe diVpla\ed b\ Whe o[imeWer iV conViVWenW ZiWh Whe
hearW raWe diVpla\ed b\ Whe cardiac moniWor. NoWe WhaW Vkin pigmenW doeV noW affecW Whe accXrac\ or fXncWion of Whe
pXlVe o[imeWer.

CULWLcaO CRQcHSWV: VaOLdLW\ RI O[LPHWHU DaWa
ConÀrm YalidiW\ of o[imeWer daWa b\ eYalXaWing Whe child·V appearance. AlVo compare Whe hearW raWe diVpla\ed b\ Whe
pXlVe o[imeWer ZiWh Whe hearW raWe diVpla\ed b\ Whe bedVide cardioreVpiraWor\ moniWor or coXnWed dXring ph\Vical
e[aminaWion.
ImmediaWel\ eYalXaWe Whe child if Whe o[imeWer failV Wo deWecW a Vignal, diVpla\V an inaccXraWe pXlVe raWe, indicaWeV a
Zeak Vignal, or indicaWeV a fall in o[\gen VaWXraWion.
If Whe o[imeWer failV Wo deWecW a Vignal or indicaWeV a fall in o[\gen VaWXraWion, immediaWel\ eYalXaWe Whe child. Do noW
aVVXme WhaW Whe pXlVe o[imeWer iV malfXncWioning.

The pXlVe o[imeWer ma\ noW be fXncWioning correcWl\ if

AccXUac\ RI VaOXHV LQ COLQLcaO SHWWLQJV

PXlVe o[imeWr\ can accXraWel\ eVWimaWe o[\gen VaWXraWion bXW doeV noW proYide eYidence of o[\gen deliYer\ and doeV
noW direcWl\ eYalXaWe Whe effecWiYeneVV of YenWilaWion (carbon dio[ide concenWraWion).

PXlVe o[imeWr\ ma\ be inaccXraWe in Vome VeWWingV (Table 37).

Table 37. Settings Where a Pulse Oximeter May Be Inaccurate

SHWWLQJ CDXVH/VROXWLRQ

Cardiac arrest CaXVe: AbVence of blood ÁoZ
SolXWion: None. Man\ deYiceV Zill noW be XVefXl dXUing caUdiac aUUeVW.

Shock or hypothermia CaXVe: DecUeaVed blood ÁoZ
SolXWion: ImpUoYe blood ÁoZ (WUeaW Whe Vhock). YoX ma\ be able Wo Ànd an alWeUnaWiYe ViWe
(paUWicXlaUl\ one WhaW iV cloVeU Wo Whe heaUW) ZheUe Whe deYice can deWecW pXlVaWile blood
ÁoZ.

The diVpla\ed hearW raWe doeV noW correlaWe ZiWh Whe child·V hearW raWe
The child·V appearance doeV noW correVpond ZiWh Whe reporWed concenWraWion of o[\gen VaWXraWion



Motion, shivering, or bright
overhead lighting

CaXVe: FalVe VignalV and inaccXUaWe o[\gen VaWXUaWion YalXeV
SolXWion: MoYe Whe VenVoU XniW cloVeU Wo Whe heaUW. LighWl\ coYeU Whe deYice in poViWion (ie, if
iW iV placed on a ÀngeU, lighWl\ coYeU Whe ÀngeU Wo UedXce ambienW lighW).

Problem with the skin probe
interface

CaXVe: LoZ oU abVenW pXlVe VignalV
SolXWion: TU\ an alWeUnaWe ViWe oU alWeUnaWe Vkin pUobe

Misaligning sensor with light
source

CaXVe: LoZ oU abVenW pXlVe VignalV
SolXWion: RepoViWion Whe deYice Vo WhaW Whe lighW VoXUce iV locaWed diUecWl\ acUoVV Whe WiVVXe
bed fUom Whe VenVoU.

Cardiac arrhythmias with low
cardiac output

CaXVe: AUUh\WhmiaV WhaW inWeUfeUe ZiWh deWecWion of a pXlVe and calcXlaWion of pXlVe UaWe
SolXWion: AVVeVV pXlVe UaWe manXall\. ObWain e[peUW conVXlWaWion foU aUUh\Whmia
managemenW.

CRUUHcW UVH RI O[LPHWU\ ETXLSPHQW

CorrecW probe poViWioning, W\picall\ on a Ànger or Woe, iV criWical for accXraWe o[\gen VaWXraWion YalXeV. FalVel\ loZ
YalXeV can occXr Zhen Whe probe iV noW poViWioned correcWl\. When WhiV occXrV, repoViWioning Whe probe can reVXlW in
immediaWe improYemenW in deWecWing o[\gen VaWXraWion b\ Whe deYice.

In addiWion Wo appl\ing Whe probe Wo a Ànger or Woe, Whe folloZing locaWionV can be XVed Wo VolYe placemenW problemV: If
infanW probeV are XnaYailable, XVe an adXlW probe aroXnd Whe hand or fooW of an infanW. If blood ÁoZ iV VigniÀcanWl\
redXced, and no Vignal iV deWecWed in Whe e[WremiWieV, aVVeVV and VXpporW V\VWemic perfXVion and appl\ an infanW
probe Wo Whe earlobe.

EndRWUacheal InWXbaWiRn

PRWHQWLaO IQdLcaWLRQV

ConVider ET inWXbaWion if Whe child iV Xnable Wo mainWain effecWiYe airZa\, o[\genaWion, or YenWilaWion deVpiWe iniWial
inWerYenWion.

PUHSaULQJ IRU EQdRWUacKHaO IQWXbaWLRQ

In Whe AirZa\ ManagemenW SkillV SWaWion, \oX Zill need Wo knoZ Whe eqXipmenW needed for ET inWXbaWion (Table 38).

Table 38. Pre-event Equipment Checklist for Endotracheal Intubation

CKHFN ETXLSPHQW

UniYeUVal pUecaXWionV (gloYeV, maVkV, e\e pUoWecWion)

CaUdiac moniWoU, pXlVe o[imeWeU, and blood pUeVVXUe moniWoUing deYice

End-Widal CO2 deWecWoU oU e[haled CO2 capnogUaph\ (oU eVophageal deWecWoU deYice, if appUopUiaWe)

InWUaYenoXV and inWUaoVVeoXV infXVion eqXipmenW

O[\gen VXppl\, bag maVk (appUopUiaWe Vi]e)

OUal/WUacheal VXcWion eqXipmenW (appUopUiaWe Vi]e); conÀUm WhaW iW iV ZoUking

OUal and naVophaU\ngeal aiUZa\V (appUopUiaWe Vi]e)

EndoWUacheal WXbeV ZiWh VW\leWV (all Vi]eV) and Vi]eV 0.5 mm (i.d.) aboYe and beloZ anWicipaWed Vi]e foU paWienW
iW iV UeaVonable Wo chooVe cXffed ETTV oYeU XncXffed ETTV

LaU\ngoVcope (cXUYed and VWUaighW bladeV) and/oU Yideo laU\ngoVcope; backXp laU\ngoVcope aYailable

3-, 5-, and 10-mL V\UingeV Wo WeVW inÁaWe endoWUacheal WXbe balloon

AdheViYe/cloWh Wape oU commeUcial endoWUacheal WXbe holdeU Wo VecXUe WXbe

ToZel oU pad Wo align aiUZa\ b\ placing XndeU head oU WoUVo

SpecialW\ eqXipmenW aV needed foU difÀcXlW aiUZa\ managemenW oU anWicipaWed complicaWionV (VXpUagloWWic,
WUanVWUacheal, and/oU cUicoWh\UoWom\)

SXddHQ DHWHULRUaWLRQ LQ aQ IQWXbaWHd PaWLHQW (DOPE MQHPRQLc)

SXdden deWerioraWion in an inWXbaWed paWienW ma\ be caXVed b\ one of VeYeral complicaWionV. UVe Whe mnemonic
DOPE Wo help remember WheVe:



EYaOXaWLQJ WKH PaWLHQW·V SWaWXV

If an inWXbaWed paWienW·V condiWion deWerioraWeV, ÀrVW VXpporW o[\genaWion and YenWilaWion. While aWWempWing WhiV, rapidl\
aVVeVV Whe child and aWWempW Wo deWermine and correcW Whe caXVe of deWerioraWion. If Whe child iV being mechanicall\
YenWilaWed, hand YenWilaWe ZiWh a bag Zhile \oX aVVeVV Whe paWienW·V airZa\, YenWilaWion, and o[\genaWion aV folloZV:

YoXr iniWial aVVeVVmenW Zill deWermine Whe Xrgenc\ of Whe reqXired reVponVe. If \oX cannoW Yerif\ WhaW Whe ET WXbe iV in
Whe airZa\, direcW YiVXali]aWion of Whe WXbe paVVing WhroXgh Whe gloWWiV iV adYiVed. If Whe child·V condiWion iV deWerioraWing
and \oX VWrongl\ VXVpecW WhaW Whe WXbe iV no longer in Whe Wrachea, \oX ma\ need Wo remoYe iW and YenWilaWe ZiWh a bag-
maVk deYice.

PaWLHQW AJLWaWLRQ

Once \oX conÀrm Whe ET WXbe poViWion and openneVV/paWenc\ and rXle oXW failXre of YenWilaWion eqXipmenW and
pneXmoWhora[, eYalXaWe o[\genaWion and perfXVion. If o[\genaWion and perfXVion are adeqXaWe or Xnchanged, iW iV
poVVible WhaW agiWaWion, pain, or e[ceVViYe moYemenW iV inWerfering ZiWh adeqXaWe YenWilaWion.

If Vo, Wr\ one or more of Whe folloZing:

ConWinXoXV capnograph\ iV Whe gold VWandard dXring mechanical YenWilaWion aV an adjXncW Wo clinical aVVeVVmenW. A
VXdden decreaVe in e[haled CO2 can indicaWe ET WXbe diVplacemenW or cardiac arreVW, Zhile a gradXal decreaVe in
e[haled CO2 ma\ indicaWe deYelopmenW of ET WXbe obVWrXcWion or decreaVing cardiac oXWpXW. In addiWion, capnograph\
ma\ help Wo deWecW h\poYenWilaWion or h\perYenWilaWion, and Vo iV parWicXlarl\ XVefXl dXring WranVporW and diagnoVWic
procedXreV. UVe a colorimeWric deWecWor or capnograph\ dXring inWrahoVpiWal and inWerhoVpiWal WranVporW.

DiVplacemenW of Whe WXbe: The WXbe ma\ be diVplaced oXW of Whe Wrachea or adYanced inWo Whe righW or lefW main
bronchXV.
ObVWrXcWion of Whe WXbe: ObVWrXcWion ma\ be caXVed b\ VecreWionV, blood, pXV, a foreign bod\, or kinking of Whe
WXbe.
PneXmoWhora[: Simple pneXmoWhora[ XVXall\ reVXlWV in a VXdden deWerioraWion in o[\genaWion (reÁecWed b\ a
VXdden decreaVe in Sp22) and decreaVed cheVW e[panVion and breaWh VoXndV on Whe inYolYed Vide. TenVion
pneXmoWhora[ ma\ reVXlW in Whe aboYe plXV eYidence of h\poWenVion and decreaVed cardiac oXWpXW. The Wrachea iV
XVXall\ VhifWed aZa\ from Whe inYolYed Vide.
EqXipmenW failXre: EqXipmenW ma\ fail for VeYeral reaVonV, VXch aV diVconnecWion of Whe O2 VXppl\ from Whe
YenWilaWion V\VWem, leak in Whe YenWilaWor circXiW, failXre of poZer VXppl\ Wo Whe YenWilaWor, and malfXncWion of YalYeV
in Whe bag or circXiW.

ObVerYe for cheVW riVe and V\mmeWr\ of cheVW moYemenW.
AXVcXlWaWe oYer boWh VideV of Whe anWerior cheVW and aW Whe mida[illar\ line and oYer Whe VWomach. LiVWen carefXll\
oYer Whe laWeral lXng ÀeldV for aV\mmeWr\ in breaWh VoXndV or abnormal VoXndV VXch aV Zhee]ing.
Check moniWorV (eg, pXlVe o[imeWr\ and, if aYailable, capnograph\).
Check hearW raWe.
SXcWion Whe ET WXbe if \oX VXVpecW obVWrXcWion ZiWh VecreWionV.
UVe VedaWiYeV or analgeVicV, ZiWh or ZiWhoXW neXromXVcXlar blockerV, if needed Wo redXce Whe child·V agiWaWion and
conWrol YenWilaWion. AdminiVWer WheVe agenWV onl\ afWeU \oX rXle oXW a correcWable caXVe of Whe acXWe diVWreVV and
are VXre WhaW \oX can proYide poViWiYe-preVVXre YenWilaWion.

AnalgeVia (eg, fenWan\l or morphine) Wo conWrol pain
SedaWion (eg, lora]epam, mida]olam) for an[ieW\ or agiWaWion
NeXromXVcXlar blocking agenWV and analgeVia or VedaWion Wo opWimi]e YenWilaWion and minimi]e Whe riVk of
baroWraXma and XninWenWional WXbe diVplacemenW



ParW 9: Recogni]ing Shock

When shock is presenW, rapidl\ idenWif\ing and prompWl\ inWerYening are criWical Wo improYing oXWcomes. If lefW
XnWreaWed, shock can qXickl\ progress Wo cardiopXlmonar\ failXre folloZed b\ cardiac arresW. Once an infanW or child
deYelops cardiac arresW secondar\ Wo inadeqXaWel\ WreaWed shock, Whe oXWcome is poor.

This ParW discXsses Whe folloZing:

YoXr eYalXaWion Zill help \oX idenWif\ Whe child·s shock based on W\pe and seYeriW\. These clinical Àndings Zill direcW
\oXr inWerYenWions, as discXssed in ParW 10: Managing Shock. The earlier \oX recogni]e shock, esWablish prioriWies,
and sWarW Wherap\, Whe beWWer Whe child·s chance for a good oXWcome.

Learning ObjectiYe

AfWer compleWing Whis ParW, \oX shoXld be able Wo differenWiaWe beWZeen compensaWed and h\poWensiYe shock.

DXring Whe coXrse, \oX Zill need Wo idenWif\ differenW W\pes and seYeriWies of shock. EYalXaWing paWienW informaWion Zill
help \oX deWermine effecWiYe inWerYenWions.

DeÀning Shock

Shock is deÀned as a ph\siologic sWaWe characWeri]ed b\ inadeqXaWe WissXe perfXsion Wo meeW meWabolic demand and
WissXe o[\genaWion. IW is ofWen, bXW noW alZa\s, characWeri]ed b\ inadeqXaWe peripheral and end-organ perfXsion. In
children, mosW shock is characWeri]ed b\ loZ cardiac oXWpXW; hoZeYer, in some W\pes of shock (eg, WhaW caXsed b\
sepsis or anaph\la[is), cardiac oXWpXW ma\ be high. All W\pes of shock can resXlW in impaired fXncWion of YiWal organs
sXch as Whe brain (decreased leYel of conscioXsness) and kidne\s (loZ Xrine oXWpXW, ineffecWiYe ÀlWering).

CUiWical CRnceSWV: ShRck and BlRRd PUeVVXUe
The deÀniWion of shock does noW reqXire Whe presence of h\poWension. Shock can be presenW ZiWh a normal, increased,
or decreased s\sWolic blood pressXre.

Shock can resXlW from

CondiWions sXch as feYer, infecWion, injXr\, respiraWor\ disWress, and pain ma\ conWribXWe Wo shock b\ increasing WissXe
demand for O2 and nXWrienWs. WheWher dXe Wo inadeqXaWe sXppl\, increased demand, or a combinaWion of boWh, O2 and
nXtrient deliYer\ to the tissXes is inadeqXate relatiYe to metabolic needs. InadeqXaWe WissXe perfXsion can lead Wo
WissXe h\po[ia, anaerobic meWabolism, accXmXlaWing lacWic acid and CO2, irreYersible cell damage, and, XlWimaWel\,
organ damage. DeaWh ma\ When resXlW rapidl\ from cardioYascXlar collapse or more sloZl\ from mXlWiorgan failXre.

CUiWical CRnceSWV: GRal fRU TUeaWing ShRck

PaWhoph\siolog\ of shock
EffecW of differenW W\pes of shock on blood pressXre
S\sWolic blood pressXre as a meWhod of caWegori]ing Whe seYeriW\ of shock (ie, compensaWed or h\poWensiYe)
EWiolog\ and signs of Whe 4 mosW common W\pes of shock
S\sWemaWic approach Wo eYalXaWing Whe cardioYascXlar s\sWem

InadeqXaWe blood YolXme or o[\gen-carr\ing capaciW\ (h\poYolemic shock, inclXding hemorrhagic shock)
InappropriaWe disWribXWion of blood YolXme and ÁoZ (disWribXWiYe shock)
Impaired cardiac conWracWiliW\ (cardiogenic shock)
ObsWrXcWed blood ÁoZ (obsWrXcWiYe shock)



When WreaWing shock, Whe goal is Wo improYe s\sWemic perfXsion and O2 deliYer\ Wo help preYenW end-organ injXr\ and
sWop Whe progression Wo cardiopXlmonar\ failXre and cardiac arresW.

Pathoph\siolog\ of Shock

The major fXncWion of Whe cardiopXlmonar\ s\sWem is Wo deliYer O2 Wo bod\ WissXes and remoYe meWabolic b\-prodXcWs
of cellXlar meWabolism (primaril\ CO2). When O2 deliYer\ cannoW adeqXaWel\ meeW WissXe demand, cells Xse anaerobic
meWabolism Wo prodXce energ\, bXW Whis generaWes lacWic acid as a b\-prodXcW. Anaerobic meWabolism can onl\
mainWain limiWed cell fXncWion. Unless O2 deliYer\ is resWored, organ d\sfXncWion or failXre Zill resXlW.

CUiWical CRnceSWV: CenWUal VenRXV O2 SaWXUaWiRn (ScYO2) and CaUdiac OXWSXW
In healWh\ children ZiWh normal meWabolic demand, Whe arWerial blood conWains more O2 Whan Whe WissXes need. If
demand increases and/or O2 deliYer\ decreases, Whe WissXes Zill e[WracW a greaWer percenW of Whe O2 deliYered. This
resXlWs in redXced O2 saWXraWion in Whe YenoXs blood reWXrning Wo Whe hearW. The ScYO2, Wherefore, can be Xsed Wo
assess Whe balance beWZeen O2 deliYer\ and demand. If meWabolic demand and O2 conWenW are Xnchanged, a
decreased ScYO2 indicaWes a fall in cardiac oXWpXW and, Wherefore, a fall in O2 deliYered Wo Whe WissXes. In addiWion,
greaWer e[WracWion of O2 occXrs as Whe resXlW of redXced deliYer\.

Components of Tissue O[\gen Deliver\

AdeqXaWe WissXe O2 deliYer\ (FigXre 39) depends on

FLJXUH 39. FDFWRUV
LQÁXHQFLQJ O2 GHOLYHU\.

The hemoglobin concenWraWion and percenW of Whe hemoglobin WhaW is saWXraWed ZiWh O2 (ie, Whe arWerial o[\gen
saWXraWion, or SaO2) primaril\ deWermines blood O2 conWenW. Plasma carries a small amoXnW of dissolYed o[\gen.

CUiWical CRnceSWV: CRmSenVaWRU\ MechaniVmV fRU H\SR[emia
TissXe h\po[ia is presenW Zhen a region of Whe bod\ or an organ is depriYed of adeqXaWe O2 sXppl\. LoZ O2 saWXraWion
(h\po[emia) alone does noW necessaril\ resXlW in WissXe h\po[ia. O[\gen deliYer\ Wo Whe WissXes is Whe prodXcW of Whe
arWerial O2 conWenW (deWermined b\ Whe o[\gen boXnd Wo hemoglobin plXs dissolYed O2) and Whe YolXme of blood
pXmped per minXWe (cardiac oXWpXW). O2 deliYer\ ma\ be normal despiWe h\po[emia if cardiac oXWpXW increases
commensXraWe ZiWh Whe decrease in O2 conWenW.

When h\po[emia is chronic (eg, Xnrepaired c\anoWic hearW disease), hemoglobin concenWraWion increases
(pol\c\Whemia). The increased hemoglobin concenWraWion Zill increase Whe O2-carr\ing capaciW\ of Whe blood and help
mainWain arWerial O2 conWenW aW near-normal concenWraWions, despiWe hemoglobin o[\gen saWXraWion being loZ.

If cardiac oXWpXW decreases or h\po[emia Zorsens, Whese compensaWor\ mechanisms ma\ noW be sXfÀcienW Wo
mainWain WissXe O2 deliYer\, and WissXe h\po[ia Zill likel\ deYelop.

Cardiac oXWpXW and YascXlar resisWance deWermine adeqXaWe blood ÁoZ Wo Whe WissXes. Cardiac oXWpXW (Whe YolXme of
blood pXmped b\ Whe hearW per minXWe) is Whe prodXcW of sWroke YolXme (Whe YolXme of blood pXmped b\ Whe YenWricles
ZiWh each conWracWion) and hearW raWe (nXmber of Wimes Whe YenWricles conWracW per minXWe):

SXfÀcienW O2 conWenW in Whe blood
AdeqXaWe blood ÁoZ Wo Whe WissXes (cardiac oXWpXW)
AppropriaWe disWribXWion of blood ÁoZ Wo Whe WissXes



CaUdLac OXWSXW = SWURNe VROXPe ð HeaUW RaWe

According Wo Whis formXla, if Whe hearW raWe decreases, sWroke YolXme mXsW increase commensXraWel\ Wo mainWain Whe
cardiac oXWpXW. Cardiac oXWpXW can increase eiWher b\ an increase in hearW raWe, in sWroke YolXme, or boWh. HoZeYer,
Whe increased cardiac oXWpXW prodXced b\ increasing hearW raWe does haYe iWs limiW. If Whe hearW raWe is Woo fasW, as can
happen ZiWh e[Wreme Wach\arrh\Whmias (eg, sXpraYenWricXlar Wach\cardia), sWroke YolXme can fall becaXse Where is
inadeqXaWe Wime Wo Àll Whe hearW (ie, Whe diasWolic phase is Woo shorW). Some arrh\Whmias, sXch as compleWe hearW block
or jXncWional Wach\cardia, can be associaWed ZiWh a decrease in YenWricXlar Àlling becaXse aWrial conWracWion (Zhich
normall\ conWribXWes aboXW 25% of YenWricXlar Àlling) does noW precede YenWricXlar conWracWion.

CUiWical CRnceSWV: InfanW CaUdiac OXWSXW DeSendenW Rn HeaUW RaWe
InfanWs haYe a Yer\ small sWroke YolXme ZiWh limiWed abiliW\ Wo increase, Wherefore making Whem dependenW on an
adeqXaWe hearW raWe Wo mainWain or increase cardiac oXWpXW. The adolescenW and adXlW are beWWer able Wo increase
sWroke YolXme, and cardiac oXWpXW is less dependenW on Whe hearW raWe.

AppropriaWe blood ÁoZ disWribXWion is deWermined b\ Whe si]e of Whe blood Yessels sXppl\ing a speciÀc organ. This
properW\ is knoZn as YascXlar resistance. If Whe Yessel is large, YascXlar resisWance is loZ; if Whe Yessel is small,
YascXlar resisWance is high. VascXlar resisWance is adjXsWed b\ WissXes Wo locall\ regXlaWe blood ÁoZ Wo meeW meWabolic
demands. Abnormall\ increased resisWance (YasoconsWricWion) or decreased resisWance (YasodilaWion) can inWerfere
ZiWh blood ÁoZ disWribXWion, eYen if cardiac oXWpXW is adeqXaWe.

Stroke Volume

SWroke YolXme, Whe amoXnW of blood ejecWed b\ Whe YenWricles ZiWh each conWracWion, is deWermined b\ Whe folloZing 3
facWors:

InadeqXaWe preload is Whe mosW common caXse of loZ sWroke YolXme and, Wherefore, loZ cardiac oXWpXW. SeYeral
condiWions (eg, hemorrhage, seYere deh\draWion, YasodilaWion) can caXse inadeqXaWe preload, Zhich resXlWs in
h\poYolemic shock.

YoX ma\ assess preload indirecWl\ b\ measXring Whe cenWral YenoXs pressXre, bXW Whe relaWionship beWZeen cenWral
YenoXs pressXre and preload is comple[. Preload Wo Whe YenWricles is Whe YolXme of blood in Whe YenWricles WhaW
sWreWches Whe YenWricXlar Àbers before a conWracWion (ie, Whe end-diasWolic YolXme). HoZeYer, Whe measXremenWs Xsed
clinicall\ measXre pressXre. The relaWionship beWZeen changes in YenWricXlar YolXme and changes in YenWricXlar end-
diasWolic pressXre is affecWed b\ YenWricXlar compliance (or, conYersel\, YenWricXlar sWiffness).

In general, assess Whe righW YenWricle preload b\ measXring Whe cenWral YenoXs pressXre, measXred in Whe sXperior
Yena caYa or righW aWriXm. Generall\, increased cenWral YenoXs pressXre corresponds Wo increased righW YenWricXlar
end-diasWolic YolXme and preload. HoZeYer, if Where is increased pressXre aroXnd Whe righW aWriXm and YenWricle from a
Wension pneXmoWhora[ or pericardial Wamponade, or if Whe righW YenWricle is sWiff (ie, noW complianW) becaXse of a
congeniWal hearW defecW or pXlmonar\ h\perWension, YenWricXlar end-diasWolic pressXre increases despiWe no increase
(or eYen a decrease) in righW YenWricXlar end-diasWolic YolXme and preload.

Preload is noW Whe same as WoWal blood YolXme. AW sWead\ sWaWe, mosW of Whe blood (aboXW 70%) is in Whe Yeins. If Whe
Yeins dilaWe Zhile Whe WoWal blood YolXme is mainWained, an inadeqXaWe amoXnW of blood ma\ reWXrn Wo Whe hearW
(redXced preload) becaXse of a drop in Whe driYing pressXre. This is parW of Whe problem ZiWh sepsis: Where is ofWen
seYere YenodilaWion, so preload Wo Whe hearW ma\ be inadeqXaWe. In addiWion, Whe maldisWribXWion of blood ÁoZ resXlWs in
some WissXe h\po[ia.

Poor conWracWiliW\ (also referred Wo as m\ocardial d\sfXnction) impairs sWroke YolXme and cardiac oXWpXW, poWenWiall\
leading Wo cardiogenic shock. Poor conWracWiliW\ can be dXe Wo an inWrinsic problem ZiWh pXmp fXncWion or an acqXired
abnormaliW\, sXch as an inÁamed hearW mXscle (ie, m\ocardiWis). Poor conWracWiliW\ also can occXr from meWabolic
problems, sXch as h\pogl\cemia, or from Wo[ic ingesWions (eg, calciXm channel blockers).

Increased afterload is an Xncommon primar\ caXse of loZ sWroke YolXme and impaired cardiac oXWpXW in children.
When cardiac oXWpXW redXces, Whe bod\ responds ZiWh YasoconsWricWion Wo mainWain blood pressXre and blood ÁoZ Wo
YiWal organs. Parado[icall\, YasoconsWricWion increases impedance Wo YenWricXlar ejecWion and fXrWher decreases sWroke

Preload: YolXme of blood presenW in Whe YenWricle before conWracWion
ConWracWiliW\: sWrengWh of conWracWion
AfWerload: resisWance againsW Zhich Whe YenWricle is ejecWing



YolXme and cardiac oXWpXW. CerWain condiWions, sXch as seYere pXlmonar\ or s\sWemic h\perWension or congeniWal
abnormaliWies of Whe aorWa, can increase afWerload so signiÀcanWl\ WhaW cardiogenic shock resXlWs.

Compensator\ Mechanisms

As shock deYelops, compensaWor\ mechanisms aWWempW Wo mainWain O2 deliYer\ Wo YiWal organs. These mechanisms
inclXde

The bod\·s ÀrsW acWion Wo mainWain cardiac oXWpXW is Wo increase hearW raWe (Wach\cardia), Zhich can increase cardiac
oXWpXW Wo a limiWed degree.

When O2 deliYer\ Wo Whe WissXes is compromised, blood ÁoZ is redirecWed or shXnWed from nonYiWal organs and WissXes
(eg, skin, skeleWal mXscles, gXW, kidne\s) Wo YiWal organs (eg, brain, hearW). This redirecWion occXrs b\ a selecWiYe
increase in SVR (Yasoconstriction). Clinicall\, Whis resXlWs in redXced peripheral perfXsion (ie, dela\ed capillar\ reÀll,
cool e[WremiWies, Zeaker peripheral pXlses) and redXced perfXsion Wo Whe gXW and kidne\s (decreased Xrine YolXme).

AnoWher compensaWor\ mechanism Wo mainWain sWroke YolXme and cardiac oXWpXW is increased strength of cardiac
contractions (contractilit\) ZiWh more compleWe empW\ing of Whe YenWricles. SWroke YolXme ma\ also be sXpporWed b\
increased YenoXs smooth mXscle tone, improYing YenoXs reWXrn Wo Whe hearW and preload.

Effect on Blood Pressure

Blood pressXre is deWermined b\ cardiac oXWpXW and SVR. As cardiac oXWpXW decreases, blood pressXre can be
mainWained b\ an increase in SVR. In children ZiWh shock, Whis compensaWor\ mechanism can be so effecWiYe WhaW
s\sWolic blood pressXre ma\ iniWiall\ remain normal or eYen slighWl\ eleYaWed. PXlse pressXre, Whe difference beWZeen
Whe s\sWolic and diasWolic blood pressXre, ofWen narroZs becaXse increased SVR raises Whe diasWolic pressXre. In
conWrasW, if SVR is loZ (as in sepsis), diasWolic blood pressXre decreases and pXlse pressXre Zidens.

If cardiac oXWpXW is inadeqXaWe, WissXe perfXsion is compromised, eYen if blood pressXre is normal. Signs of poor
WissXe perfXsion, inclXding lacWic acidosis and end-organ d\sfXncWion, Zill be presenW eYen if blood pressXre is normal.

When SVR cannoW increase fXrWher, blood pressXre begins Wo decline. Then, O2 deliYer\ Wo YiWal organs is seYerel\
compromised. Clinical signs inclXde meWabolic acidosis and eYidence of end-organ d\sfXncWion (eg, impaired menWal
sWaWXs and decreased Xrine oXWpXW). UlWimaWel\ O2 deliYer\ Wo Whe m\ocardiXm becomes inadeqXaWe, caXsing
m\ocardial d\sfXncWion, decreased sWroke YolXme, and h\poWension. These ma\ rapidl\ lead Wo cardioYascXlar
collapse, cardiac arresW, and irreYersible end-organ injXr\.

Identif\ing Shock b\ SeYerit\ (Effect on Blood PressXre)

Shock seYeriW\ is freqXenWl\ characWeri]ed b\ iWs effecW on s\sWolic blood pressXre. Shock is described as compensated
if compensaWor\ mechanisms can mainWain a s\sWolic blood pressXre ZiWhin a normal range (ie, aboYe Whe ÀfWh
percenWile s\sWolic blood pressXre for age). When compensaWor\ mechanisms fail and s\sWolic blood pressXre
declines, shock is classiÀed as h\potensiYe (preYioXsl\ referred Wo as decompensated). IW·s imporWanW Wo remember
WhaW shock ma\ be presenW eYen if Whe child·s blood pressXre is normal.

YoX can easil\ idenWif\ h\poWensiYe shock b\ measXring blood pressXre, Zhile \oX ma\ Ànd iW more difÀcXlW Wo
diagnose compensaWed shock. Shock can range from mild Wo seYere, ZiWh iWs manifesWaWions affecWed b\ Whe W\pe of
shock and Whe child·s compensaWor\ responses. Use blood pressXre Wo deWermine shock seYeriW\; hoZeYer, children
ZiWh boWh compensaWed and h\poWensiYe shock are aW high risk for deWerioraWion. The child ZiWh loZ cardiac oXWpXW (ie,
h\poYolemic shock) bXW normal mean blood pressXre associaWed ZiWh seYere YasoconsWricWion ma\ haYe more end-
organ compromise Whan Whe child ZiWh normal or increased cardiac oXWpXW (ie, sepWic shock) and loZ diasWolic blood
pressXre.

BecaXse blood pressXre is one meWhod of caWegori]ing shock seYeriW\, iW is imporWanW Wo recogni]e WhaW aXWomaWed
blood pressXre deYices are accXraWe onl\ Zhen Where is adeqXaWe disWal perfXsion. If \oX cannoW feel disWal pXlses, and
Whe e[WremiWies are cool and poorl\ perfXsed, aXWomaWed blood pressXre YalXes ma\ noW be reliable. TreaW Whe child
based on \oXr enWire clinical eYalXaWion. If measXring blood pressXre is noW feasible, clinicall\ eYalXaWe WissXe
perfXsion Wo gXide WreaWmenW.

Tach\cardia
Increased s\sWemic YascXlar resisWance (SVR) (YasoconsWricWion)
Increased sWrengWh of cardiac conWracWion (conWracWiliW\)
Increase in YenoXs smooWh mXscle Wone



Compensated Shock

Compensated shock refers Wo a clinical sWaWe in Zhich clinical signs of inadeqXaWe WissXe perfXsion appear, bXW Whe
paWienW·s blood pressXre is in Whe normal range. In Whis sWage of shock, Whe bod\ can mainWain blood pressXre despiWe
impaired deliYer\ of O2 and nXWrienWs Wo Whe YiWal organs. Clinical Àndings inclXde Wach\cardia, dela\ed capillar\ reÀll,
menWal sWaWXs changes, and decreased Xrine oXWpXW.

CUiWical CRnceSWV: S\VWRlic BlRRd PUeVVXUe in IdenWif\ing ShRck
CompensaWed shock refers Wo Whe child ZiWh signs of poor perfXsion bXW a normal s\sWolic blood pressXre (ie, ZiWh
blood pressXre compensaWion). S\sWolic blood pressXre is Xsed b\ conYenWion and consensXs Wo deWermine Whe
presence or absence of h\poWension ZiWh shock. InfanWs and children ZiWh compensaWed shock ma\ be criWicall\ ill
despiWe an adeqXaWe s\sWolic blood pressXre.

When O2 deliYer\ is limiWed, compensaWor\ mechanisms Wr\ Wo mainWain normal blood ÁoZ Wo Whe brain and hearW and
acW as clXes Wo Whe presence of shock, Yar\ing according Wo Whe W\pe of shock. Table 39 lisWs common compensaWor\
mechanisms in shock and Whe cardioYascXlar signs associaWed ZiWh Whese mechanisms.

TDEOH 39. CRPPRQ SLJQV RI SKRFN RHVXOWLQJ FURP CDUGLRYDVFXODU CRPSHQVDWRU\ MHFKDQLVPV

CRPSeQVaWRU\ PecKaQLVP AUea SLJQ

IQFUHDVHG KHDUW UDWH Heart Tachycardia

IQFUHDVHG S9R Skin Cold, pale, mottled, diaphoretic

Peripheral circulation Delayed capillary refill

Pulses Weak peripheral pulses; narrow pulse
pressure (increased diastolic blood
pressure)

IQFUHDVHG UHQDO DQG VSODQFKQLF
YDVFXODU UHVLVWDQFH (UHGLVWULEXWLRQ RI
EORRG ÁRZ DZD\ IURP WKHVH DUHDV)

Kidney Oliguria (decreased urine output)

Intestine Vomiting, ileus

CHUHEUDO DXWRUHJXODWLRQ Brain Altered mental status,
anxiety/restlessness, disorientation or
decreased level of consciousness or even
coma

Signs speciÀc Wo shock W\pe are discXssed in IdenWif\ing Shock b\ T\pe laWer in Whis ParW.

H\potensive Shock

H\poWensiYe (decompensaWed) shock can resXlW from man\ caXses and is characWeri]ed b\ eYidence of impaired
perfXsion WhaW Zill rapidl\ progress Wo cardiac arresW if noW correcWed. Signs inclXde abnormal clinical appearance and
eYidence of seYerel\ impaired perfXsion (ie, Zeak or absenW disWal pXlses and Zeak cenWral pXlses, cool e[WremiWies,
moWWled skin, or alWered leYel of conscioXsness). Shock represenWs a conWinXXm of seYeriW\, and Whe presence of signs
and s\mpWoms of shock shoXld prompW immediaWe acWion raWher Whan ZaiWing for direcW measXremenW of blood pressXre
Wo docXmenW h\poWension.

H\poWension is a laWe Ànding in mosW W\pes of shock and ma\ signal impending cardiac arresW. IW can occXr earl\ in
sepWic shock becaXse mediaWors of sepsis prodXce YasodilaWion and redXce SVR. In Whis seWWing, Whe child ma\ iniWiall\
appear Wo haYe Zarm e[WremiWies, brisk capillar\ reÀll, and fXll peripheral pXlses despiWe h\poWension.

CUiWical CRnceSWV: H\SRWenViRn in SeSWic ShRck
H\SRWeQVLRQ IRUPXOa: In children 1 Wo 10 \ears of age, h\poWension is presenW if Whe s\sWolic blood pressXre is less
Whan 70 PP HJ + [cKLOd·V aJe LQ \eaUV ð 2] PP HJ.

For more informaWion, see Table 17: DeÀniWion of H\poWension b\ S\sWolic Blood PressXre and Age in ParW 4.



S\sWolic blood pressXre is a comple[ combinaWion of Whe paWienW·s cardiac oXWpXW, inWraYascXlar YolXme, and SVR.
SepWic shock is a d\namic process and does noW alZa\s folloZ a speciÀc clinical presenWaWion; serial assessmenWs are
mandaWor\ becaXse Whe clinical presenWaWion is likel\ Wo eYolYe oYer Wime. H\poWension can be an earl\ or laWe sign in
sepWic shock and mXsW be immediaWel\ recogni]ed and WreaWed aggressiYel\.

AcceleUaWing PURceVV

Shock progression is XnpredicWable. IW ma\ Wake hoXrs for compensaWed shock Wo progress Wo h\poWensiYe shock bXW
onl\ minXWes for h\poWensiYe shock Wo progress Wo cardiopXlmonar\ failXre and cardiac arresW. This progression is
W\picall\ called an accelerating process (FigXre 40).

FLJXUH 40. AFFHOHUDWLQJ
SURFHVV RI VKRFN.

CUiWical CRnceSWV: HalWing Whe PURgUeVViRn
Earl\ recogniWion and rapid inWerYenWion are criWical Wo halWing Whe progression from compensaWed shock Wo h\poWensiYe
shock Wo cardiopXlmonar\ failXre and cardiac arresW.

These and oWher clinical manifesWaWions are discXssed in greaWer deWail laWer in Whis ParW.

Identif\ing Shock b\ T\pe

Shock can be caWegori]ed inWo 4 basic W\pes (refer Wo Table 48 laWer in Whis ParW), inclXding

H\povolemic Shock

H\poYolemic shock refers Wo a clinical sWaWe of redXced inWraYascXlar YolXme. The mosW common W\pe of shock in
pediaWric paWienWs, iW can be caXsed b\ e[WraYascXlar ÁXid loss (eg, diarrhea, deh\draWion) or inWraYascXlar YolXme loss
(eg, hemorrhage) and resXlWs in decreased preload and cardiac oXWpXW. VolXme loss leading Wo h\poYolemic shock
can resXlW from

H\poYolemic shock is Whe resXlW of an absolXWe deÀcienc\ of inWraYascXlar blood YolXme, bXW, in facW, iW W\picall\
represenWs depleWion of boWh inWraYascXlar and e[WraYascXlar ÁXid YolXme. As a resXlW, adeqXaWe ÁXid resXsciWaWion
ofWen reqXires adminisWering ÁXid bolXses WhaW e[ceed Whe YolXme of Whe esWimaWed inWraYascXlar deÀciW.

Tach\pnea, a respiraWor\ compensaWion Wo mainWain acid-base balance, is ofWen presenW in h\poYolemic shock. The
respiraWor\ alkalosis WhaW resXlWs from h\perYenWilaWion parWiall\ compensaWes for Whe meWabolic acidosis (lacWic

H\poYolemic: resXlWing from gasWroenWeriWis, bXrns, hemorrhage, inadeqXaWe ÁXid inWake, increased bod\ ÁXid
losses, sepsis, or osmoWic diXresis
Cardiogenic: resXlWing from congeniWal hearW disease, m\ocardiWis, cardiom\opaWh\, or arrh\Whmia
DisWribXWiYe: resXlWing from sepsis, anaph\la[is, or spinal cord injXr\
ObsWrXcWiYe: resXlWing from Wension pneXmoWhora[, cardiac Wamponade, pXlmonar\ embolism, or consWricWion of Whe
dXcWXs arWeriosXs in infanWs ZiWh dXcWal-dependenW congeniWal hearW lesions (eg, coarcWaWion, h\poplasWic lefW
YenWricle)

Diarrhea
VomiWing
Hemorrhage (inWernal and e[Wernal)
InadeqXaWe ÁXid inWake
OsmoWic diXresis (eg, diabeWic keWoacidosis [DKA])
Third-space losses (ÁXid leak inWo WissXes, eg, in sepsis)
Large bXrns



acidosis) WhaW accompanies shock.

Ph\ViRlRg\ Rf H\SRYRlemic ShRck

H\poYolemic shock is characWeri]ed b\ decreased preload leading Wo redXced sWroke YolXme and loZ cardiac oXWpXW.
Tach\cardia, increased SVR, and increased cardiac conWracWiliW\ are Whe main compensaWor\ mechanisms.

SignV Rf H\SRYRlemic ShRck

Table 40 oXWlines W\pical signs of h\poYolemic shock foXnd dXring Whe iniWial assessmenW and primar\ assessmenW.

TDEOH 40. FLQGLQJV CRQVLVWHQW :LWK H\SRYROHPLF SKRFN

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Typically open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ Tachypnea without increased effort (quiet tachypnea)

CLUFXODWLRQ

DLVDELOLW\ Decreasing level of consciousness as shock progresses

E[SRVXUH Extremities often cooler than trunk

*Sign that distinguishes hypovolemic shock from distributive shock.

AlWhoXgh sepWic, anaph\lacWic, neXrogenic, and oWher disWribXWiYe forms of shock are noW classiÀed as h\poYolemic,
Whe\ are characWeri]ed b\ relatiYe h\poYolemia. The relaWiYe h\poYolemia resXlWs from arWerial and YenoXs
YasodilaWion, increased capillar\ permeabiliW\, and plasma loss inWo Whe inWersWiWiXm (´Whird spacingµ or capillar\ leak).

Distributive Shock

DistribXtiYe shock refers Wo a clinical sWaWe characWeri]ed b\ redXced SVR leading Wo maldisWribXWion of blood YolXme
and blood ÁoZ. This groXp inclXdes

In sepWic and anaph\lacWic shock, Where ma\ also be increased capillar\ permeabiliW\, leading Wo YolXme loss from Whe
inWraYascXlar space (ie, decreased preload). In neXrogenic shock, Where is loss of s\mpaWheWic Wone leading Wo
YasodilaWion and lack of compensaWor\ mechanisms (ie, Wach\cardia and peripheral YasoconsWricWion).

DisWribXWiYe shock caXsed b\ sepsis is W\picall\ characWeri]ed b\ redXced SVR resXlWing in maldisWribXWion of blood
ÁoZ. The YasodilaWion and YenodilaWion caXse blood pooling in Whe YenoXs s\sWem and a relaWiYe h\poYolemia. SepWic

Preload: decreased
ConWracWiliW\: iniWiall\ normal or increased
AfWerload: increased

Tachycardia
AGHTXDWH V\VWROLF EORRG SUHVVXUH, QDUURZ SXOVH SUHVVXUH, RU V\VWROLF
K\SRWHQVLRQ ZLWK D QDUURZ SXOVH SUHVVXUH*
Weak or absent peripheral pulses
Normal or weak central pulses
Delayed capillary refill
Cool to cold, pale, mottled, diaphoretic skin
Dusky/pale distal extremities
Changes in level of consciousness
Oliguria

SepWic shock
Anaph\lacWic shock
NeXrogenic shock (eg, spinal injXr\)



shock also caXses increased capillar\ permeabiliW\, so Whe YascXlar space loses plasma. This increases h\poYolemia
seYeriW\. M\ocardial conWracWiliW\ ma\ also be depressed in sepWic shock.

In anaph\la[is, shock is caXsed b\ arWerial and YenoXs dilaWion and increased capillar\ permeabiliW\ leading Wo
redXced blood pressXre. A compensaWor\ increase in cardiac inde[ ma\ be seen, bXW XlWimaWel\, relaWiYe h\poYolemia
Zill impair blood pressXre.

NeXrogenic shock is characWeri]ed b\ generali]ed loss of YascXlar Wone, mosW ofWen afWer a high cerYical spine injXr\,
leading Wo seYere YasodilaWion and h\poWension. Normall\, Whe s\mpaWheWic nerYoXs s\sWem increases hearW raWe in
response Wo h\poWension. Children ZiWh neXrogenic shock ma\ be Xnable Wo generaWe a fasWer hearW raWe in response
Wo h\poWension. As a resXlW, cardiac oXWpXW and blood ÁoZ Wo WissXes decrease dramaWicall\.

PaWhRSh\ViRlRg\ Rf DiVWUibXWiYe ShRck

In disWribXWiYe shock, cardiac oXWpXW ma\ be increased, normal, or decreased. AlWhoXgh m\ocardial d\sfXncWion ma\
be presenW, sWroke YolXme can be adeqXaWe, parWicXlarl\ if Where is aggressiYe YolXme resXsciWaWion and decreased
SVR. Tach\cardia and increased YenWricXlar end-diasWolic YolXme (from YolXme resXsciWaWion) help mainWain cardiac
oXWpXW. TissXe perfXsion is compromised b\ maldisWribXWion of blood ÁoZ. Some WissXe beds (eg, splanchnic
circXlaWion, renal circXlaWion) ma\ be inadeqXaWel\ perfXsed; in oWher WissXes (eg, some skeleWal mXscle and skin)
perfXsion ma\ e[ceed meWabolic needs. H\po[ic WissXes generaWe lacWic acid, leading Wo meWabolic acidosis. Earl\ in
Whe clinical coXrse, a child ZiWh disWribXWiYe shock ma\ presenW ZiWh decreased SVR and increased blood ÁoZ Wo Whe
skin, prodXcing Zarm e[WremiWies and boXnding peripheral pXlses (´Zarm shockµ).

The W\picall\ high cardiac oXWpXW and loZ SVR ofWen obserYed in disWribXWiYe shock differ from Whe loZ cardiac oXWpXW
and high SVR seen in cardiogenic and obsWrXcWiYe shock. As disWribXWiYe shock progresses, concomiWanW h\poYolemia
and/or m\ocardial d\sfXncWion prodXce a decrease in cardiac oXWpXW. SVR can When increase, resXlWing in inadeqXaWe
blood ÁoZ Wo Whe skin, cold e[WremiWies, and Zeak pXlses (´cold shockµ). The laWe phase of disWribXWiYe shock,
Wherefore, can be similar Wo Whe clinical picWXre of cardiogenic shock.

DisWribXWiYe shock is mosW ofWen characWeri]ed b\ man\ changes in cardioYascXlar fXncWion, inclXding

CUiWical CRnceSWV: RelaWiYe H\SRYRlemia
AlWhoXgh mosW W\pes of disWribXWiYe shock are noW W\picall\ classiÀed as h\poYolemic shock, all are characWeri]ed b\
relaWiYe h\poYolemia Xnless adeqXaWe ÁXid resXsciWaWion is proYided.

SignV Rf DiVWUibXWiYe ShRck

Table 41 oXWlines W\pical signs of disWribXWiYe shock seen dXring Whe iniWial assessmenW and primar\ assessmenW.

TDEOH 41. FLQGLQJV CRQVLVWHQW :LWK DLVWULEXWLYH SKRFN

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Usually open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ Tachypnea, usually without increased work of breathing (“quiet tachypnea”) unless the
child has additional compromise as seen in pneumonia, ARDS, pulmonary edema, or

LoZ SVR, Zhich W\picall\ leads Wo a loZer diasWolic blood pressXre, is Whe eWiolog\ of Whe Zide pXlse pressXre WhaW
is commonl\, bXW noW alZa\s, presenW in Whe earl\ phases of disWribXWiYe shock
Increased blood ÁoZ Wo some peripheral WissXe beds
InadeqXaWe perfXsion of Whe splanchnic and kidne\ YascXlar beds
Release of inÁammaWor\ and oWher mediaWors and YasoacWiYe sXbsWances
VolXme depleWion caXsed b\ capillar\ leak
AccXmXlaWing lacWic acid in poorl\ perfXsed WissXe beds



bronchospasm

CLUFXODWLRQ

DLVDELOLW\ Changes in level of consciousness

E[SRVXUH

*Sign that distinguishes distributive shock from other forms of shock.

SeSWic ShRck

Sepsis represenWs an imporWanW caXse of shock in infanWs and children. Sepsis and septic shock are Werms Xsed Wo
characWeri]e shock caXsed b\ an infecWioXs agenW or inÁammaWor\ sWimXlXs.

SepWic shock is Whe mosW common form of disWribXWiYe shock. IW is caXsed b\ an abnormal hosW immXne response Wo
infecWioXs organisms or Wheir b\-prodXcWs (eg, endoWo[in) WhaW lead Whe small blood Yessels Wo dilaWe and Wo leak ÁXid
inWo Whe WissXes.

InfecWion is a paWhologic process caXsed b\ paWhogenic or poWenWiall\ paWhogenic microorganisms inYading normall\
sWerile WissXe, ÁXid, or a bod\ caYiW\. YoX ma\ sXspecW or proYe infecWion b\ posiWiYe resXlW of a cXlWXre, WissXe sWain, or
pol\merase chain reacWion WesW. WiWhoXW Whese WesWs, eYidence of infecWion inclXdes posiWiYe Àndings on clinical
e[aminaWion, imaging, or laboraWor\ WesWs consisWenW ZiWh WissXe inYasion b\ a paWhogenic organism leading Wo a hosW
response (eg, ZhiWe blood cells in normall\ sWerile bod\ ÁXid, perforaWed YiscXs, chesW radiograph consisWenW ZiWh
pneXmonia, peWechial or pXrpXric rash, pXrpXra fXlminans).

PaWKRSK\VLRORJ\ RI SeSWLc SKRcN

SepWic shock in children W\picall\ eYolYes along a conWinXXm from a s\sWemic inÁammaWor\ response in Whe earl\
sWages Wo sepWic shock in Whe laWe sWages. BecaXse of Whe Zide YariabiliW\ in clinical presenWaWion and progression, Whis
conWinXXm ma\ eYolYe oYer da\s or jXsW a feZ hoXrs.

IQÁaPPaWRU\ CaVcade ReVSRQVe WR SeSVLV

The paWhoph\siolog\ of Whe sepWic cascade inclXdes Whe folloZing, ofWen referred Wo as Whe s\stemic inÁammator\
response:

Tachycardia (predominantly); bradycardia (very rarely) (eg, neurogenic shock typically
due to catastrophic high cervical spinal cord injury); bounding (early)* or decreased
peripheral pulses (late)
Flash (early)* or delayed capillary refill (late)
Warm, Áushed skin peripherally (warm extremities, early)*
or
Pale, mottled skin with vasoconstriction (cold extremities, late)
Hypotension with a wide pulse pressure (when warm extremities are present, early)*
or
Hypotension with a narrow pulse pressure (when cold extremities are present, late)
or
Normotension may be present
Changes in level of consciousness
Oliguria

Fever or hypothermia
Extremities may be warm (early) or cool (late)
Petechial or purpuric rash (may be seen in septic shock) or urticarial rash
(anaphylaxis)*

Preload: decreased
Cardiac oXWpXW: normal or increased (earl\); decreased (laWe)
AfWerload (eg, SVR): Yariable

The infecWioXs organism or iWs b\-prodXcWs (eg, endoWo[in) acWiYaWes Whe immXne s\sWem, inclXding neXWrophils,
monoc\Wes, and macrophages.
These cells, or Wheir inWeracWion ZiWh Whe infecWing organism, sWimXlaWe release or acWiYaWion of inÁammaWor\
mediaWors (c\Wokines) WhaW perpeWXaWe Whe inÁammaWor\ response.
C\Wokines prodXce YasodilaWion and damage Wo Whe lining of Whe blood Yessels (endoWheliXm), caXsing increased
capillar\ permeabiliW\.
C\Wokines acWiYaWe Whe coagXlaWion cascade and ma\ resXlW in microYascXlar Whrombosis and disseminaWed
inWraYascXlar coagXlaWion (DIC).
SpeciÀc inÁammaWor\ mediaWors can impair cardiac conWracWiliW\ and caXse m\ocardial d\sfXncWion.



TKe CKaOOeQJe RI TUeaWLQJ SeSWLc SKRcN

In sepWic shock, inadeqXaWe perfXsion combined ZiWh possible microYascXlar Whrombosis leads Wo ischemia, Zhich is
diffXse and paWch\ so WhaW indiYidXal organs haYe Yar\ing leYels of h\po[ia and ischemia. The YariabiliW\ of perfXsion
WhroXghoXW Whe bod\ is ZhaW makes WreaWing sepsis so difÀcXlW.

AdUeQaO IQVXIÀcLeQc\ LQ SeSWLc SKRcN

The adrenal glands are especiall\ prone Wo microYascXlar Whrombosis and hemorrhage in sepWic shock. BecaXse
adrenal glands prodXce corWisol, an imporWanW hormone in Whe bod\·s sWress response, children ZiWh sepsis ma\
deYelop absolXWe or relaWiYe adrenal insXfÀcienc\. Adrenal insXfÀcienc\ conWribXWes Wo loZ SVR and m\ocardial
d\sfXncWion in sepWic shock.

SLJQV RI SeSWLc SKRcN

In Whe earl\ sWages, signs of sepWic shock are ofWen sXbWle and ma\ be difÀcXlW Wo recogni]e becaXse peripheral
perfXsion ma\ iniWiall\ appear adeqXaWe. BecaXse sepWic shock is Wriggered b\ an infecWion or iWs b\-prodXcWs, Whe child
ma\ haYe feYer or h\poWhermia, and Whe ZhiWe blood cell (WBC) coXnW ma\ be decreased, normal, or increased.

In addiWion Wo Whe Àndings lisWed in Whe IdenWif\ing Shock b\ T\pe secWion, Whe child ZiWh sepWic shock ma\ haYe oWher
abnormaliWies idenWiÀed b\ diagnosWic assessmenWs. E[amples inclXde meWabolic acidosis, respiraWor\ alkalosis,
leXkoc\Wosis (high WBC coXnW), leXkopenia (loZ WBC coXnW), or lefW shifW (increased percenW of bands or immaWXre
ZhiWe blood cells). WiWh some W\pes of infecWions, Whe child ma\ deYelop a peWechial or pXrpXric rash.

CeQWUaO ScYO2 LQ SeSWLc SKRcN

In conWrasW Wo h\poYolemic and cardiogenic shock, ScYO2 ma\ be normal, increased, or decreased in sepWic shock.
There are 2 mechanisms Wo e[plain a normal, or eYen increased, ScYO2, despiWe Whe presence of inadeqXaWe cardiac
oXWpXW/inde[. BecaXse of Whis poWenWial siWXaWion in sepWic shock, lacWaWe is a more XsefXl marker of adeqXaWe o[\gen
deliYer\ Whan ScYO2.

To[ins and inÁammaWor\ mediaWors circXlaWing in sepsis can preYenW aerobic meWabolism eYen in Whe seWWing of
adeqXaWe O2 deliYer\. As a resXlW, lacWic acidosis and end-organ d\sfXncWion can occXr eYen in Whe seWWing of normal or
increased ScYO2.

IdeQWLI\ aQd IQWeUYeQe: SeSWLc SKRcN

Earl\ recogniWion and WreaWmenW of sepWic shock are criWicall\ imporWanW deWerminanWs of oXWcome. EYalXaWe
WemperaWXre, hearW raWe, s\sWemic perfXsion, blood pressXre, and clinical signs of end-organ fXncWion Wo idenWif\ sepsis
and sepWic shock before seYere organ d\sfXncWion deYelops. If \oX sXspecW sepsis, and especiall\ if shock deYelops,
proYide appropriaWe YolXme resXsciWaWion and hemod\namic sXpporW (refer Wo ParW 10: Managing Shock for deWails).
Search for and WreaW Whe Xnderl\ing caXse.

PK\VLRORJ\ RI AQaSK\OacWLc SKRcN

Anaph\lacWic shock, an acXWe mXlWis\sWem response caXsed b\ a seYere reacWion Wo a drXg, Yaccine, food, Wo[in, planW,
Yenom, or oWher anWigen, is characWeri]ed b\ YenodilaWion, arWerial YasodilaWion, and increased capillar\ permeabiliW\. IW
can occXr ZiWhin seconds Wo minXWes afWer e[posXre.

SLJQV RI AQaSK\OacWLc SKRcN

Signs and s\mpWoms ma\ inclXde Whose lisWed in Table 42.

TDEOH 42. FLQGLQJV CRQVLVWHQW :LWK AQDSK\ODFWLF SKRFN

PULPaU\ aVVeVVPeQW FLQdLQJ ReVXOWLQJ IURP

ALUZD\ Angioedema (swelling of the face, lips,
and tongue)*

Swelling of the tongue and tissues related
to Áuid leak from blood vessels

BUHDWKLQJ Respiratory distress with stridor,
wheezing, or both*

Constriction of airways by inÁammatory
response

CLUFXODWLRQ Hypotension Vasodilation, hypovolemia, and
diminished cardiac output

Children ZiWh loZ SVR and increased cardiac oXWpXW Zill e[WracW less O2 from Whe blood becaXse some WissXes are
receiYing more blood ÁoZ Whan Whe\ need. OWher WissXes don·W receiYe enoXgh blood ÁoZ, so Whe\ don·W haYe Whe
opporWXniW\ Wo e[WracW Whe O2.
Children ZiWh sepsis ma\ be Xnable Wo Xse O2 aW Whe cellXlar leYel.



CLUFXODWLRQ Tachycardia Inadequate blood Áow to the tissues

DLVDELOLW\ Anxiety and agitation Low oxygen concentration and reduced
brain perfusion

E[SRVXUH Urticaria (hives)* Histamine release

OWKHU Nausea and vomiting Histamine and other mediator release

*Sign that distinguishes anaphylactic shock from other forms of shock.

Angioedema ma\ parWiall\ or compleWel\ obsWrXcW Whe Xpper airZa\. H\poWension resXlWs from YasodilaWion,
h\poYolemia, and diminished cardiac oXWpXW. RelaWiYe h\poYolemia is caXsed b\ Whe YasodilaWion, and absolXWe
YolXme loss is caXsed b\ capillar\ leak.

NeXURgenic ShRck

NeXrogenic shock, also knoZn as spinal shock, resXlWs from a cerYical (neck) or Xpper Whoracic (aboYe T6) injXr\ WhaW
disrXpWs Whe s\mpaWheWic nerYoXs s\sWem innerYaWion of blood Yessels and of Whe hearW.

PK\VLRORJ\ RI NeXURJeQLc SKRcN

The sXdden loss of s\mpaWheWic nerYoXs s\sWem signals Wo Whe smooWh mXscle in Whe Yessel Zalls resXlWs in
XnconWrolled YasodilaWion. The same disrXpWion preYenWs Wach\cardia deYeloping as a compensaWor\ mechanism.

SLJQV RI NeXURJeQLc SKRcN

Primar\ signs of neXrogenic shock are

OWher signs ma\ inclXde increased respiraWor\ raWe, diaphragmaWic breaWhing (Whe Xse of mXscles in Whe diaphragm
raWher Whan Whe chesW Zall), and oWher eYidence of a high Whoracic or cerYical spine injXr\ (ie, moWor or sensor\ deÀciWs).

YoX mXsW differenWiaWe neXrogenic shock from h\poYolemic shock. H\poYolemic shock is W\picall\ associaWed ZiWh
h\poWension, a narroZ pXlse pressXre from compensaWor\ YasoconsWricWion, and compensaWor\ Wach\cardia. In
neXrogenic shock, Whese compensaWor\ mechanisms are noW apparenW becaXse s\mpaWheWic innerYaWion of Whe hearW
and blood Yessels is inWerrXpWed.

Cardiogenic Shock

Cardiogenic shock refers Wo redXced cardiac oXWpXW secondar\ Wo abnormal cardiac fXncWion or pXmp failXre, resXlWing
in decreased s\sWolic fXncWion and cardiac oXWpXW. Common caXses of cardiogenic shock inclXde

Ph\ViRlRg\ Rf CaUdiRgenic ShRck

Marked Wach\cardia, high SVR, and decreased cardiac oXWpXW characWeri]e cardiogenic shock. End-diasWolic YolXme
ZiWhin Whe lefW and righW YenWricles increases, resXlWing in congesWion ZiWhin Whe pXlmonar\ and s\sWemic YenoXs
s\sWems. This pXlmonar\ YenoXs congesWion leads Wo pXlmonar\ edema and increased Zork of breaWhing. T\picall\,
inWraYascXlar YolXme is normal or increased Xnless a concXrrenW illness caXses h\poYolemia (eg, in a child Zho has
Yiral m\ocardiWis ZiWh recenW YomiWing, feYer, poor oral inWake).

Preload: decreased
ConWracWiliW\: normal
AfWerload: decreased

H\poWension ZiWh a Zide pXlse pressXre
Normal hearW raWe or brad\cardia
H\poWhermia

CongeniWal hearW disease
M\ocardiWis (inÁamed hearW mXscle)
Cardiom\opaWh\ (an inheriWed or acqXired abnormaliW\ of pXmping fXncWion)
Arrh\Whmias
Sepsis
Poisoning or drXg Wo[iciW\
M\ocardial injXr\ (eg, WraXma)

Preload: Yariable



Cardiogenic shock is ofWen characWeri]ed b\ seqXenWial compensaWor\ and paWhologic mechanisms, inclXding

The same compensaWor\ mechanisms WhaW mainWain perfXsion Wo Whe brain and hearW in h\poYolemic shock are ofWen
deWrimenWal dXring cardiogenic shock. For e[ample, compensaWor\ peripheral YasoconsWricWion can mainWain blood
pressXre in h\poYolemic shock, bXW iW increases lefW YenWricXlar afWerload (commonl\ WhoXghW of as increased
resisWance Wo lefW YenWricXlar ejecWion) in cardiogenic shock.

BecaXse Whe hearW mXscle also needs O2, almosW all children ZiWh seYere or sXsWained shock ma\ eYenWXall\ haYe
inadeqXaWe m\ocardial O2 deliYer\ relaWiYe Wo m\ocardial O2 demand. Therefore, seYere or sXsWained shock of an\
W\pe eYenWXall\ caXses impaired m\ocardial fXncWion (ie, Whese children deYelop cardiogenic shock in addiWion Wo Whe
primar\ caXse of shock). Once m\ocardial fXncWion declines, Whe child·s clinical sWaWXs XsXall\ deWerioraWes rapidl\.

SignV Rf CaUdiRgenic ShRck

Table 43 oXWlines signs of cardiogenic shock W\picall\ foXnd dXring Whe iniWial assessmenW and primar\ assessmenW of
Whe child.

TDEOH 43. FLQGLQJV CRQVLVWHQW :LWK CDUGLRJHQLF SKRFN

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Usually open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ

CLUFXODWLRQ

DLVDELOLW\ Changes in level of consciousness

E[SRVXUH Extremities often cooler than trunk

*Sign that distinguishes cardiogenic shock from other forms of shock.

ConWracWiliW\: decreased
AfWerload: increased

Increased hearW raWe and lefW YenWricXlar afWerload, Zhich increases lefW YenWricXlar Zork and m\ocardial O2
consXmpWion
CompensaWor\ increase in SVR Wo redirecW blood from peripheral and splanchnic WissXes Wo Whe hearW and brain
Decreased sWroke YolXme dXe Wo decreased m\ocardial conWracWiliW\ and increased afWerload
Increased YenoXs Wone, Zhich increases cenWral YenoXs (righW aWrial) and pXlmonar\ capillar\ (lefW aWrial) pressXres
Diminished renal blood ÁoZ resXlWing in ÁXid reWenWion
PXlmonar\ edema resXlWing from m\ocardial failXre and high lefW YenWricXlar end-diasWolic, lefW aWrial, and
pXlmonar\ YenoXs pressXres, and from increased YenoXs Wone and ÁXid reWenWion

Tachypnea
Increased respiratory effort (retractions, nasal Áaring, grunting) resulting from
pulmonary edema*

Tachycardia
Normal or low blood pressure with a narrow pulse pressure
Weak or absent peripheral pulses
Normal and then weak central pulses
Delayed capillary refill with cool extremities
Signs of congestive heart failure (eg, pulmonary edema, hepatomegaly, jugular venous
distention, gallop, murmur)*
Cyanosis (caused by cyanotic congenital heart disease or pulmonary edema)*
Cold, pale, mottled, diaphoretic skin
Changes in level of consciousness
Oliguria



CUiWical CRnceSWV: DiVWingXiVhing SignV Rf CaUdiRgenic ShRck
Increased respiraWor\ efforW ofWen disWingXishes cardiogenic shock from h\poYolemic shock. H\poYolemic shock is
characWeri]ed b\ ´qXieW Wach\pnea,µ Zhile children ZiWh cardiogenic shock ma\ demonsWraWe reWracWions, grXnWing, and
Xse of accessor\ mXscles.

In cardiogenic shock, decreased arterial O2 satXration secondar\ to pXlmonar\ edema ma\ present.

Rapidl\ proYiding YolXme resXsciWaWion of cardiogenic shock in Whe seWWing of poor m\ocardial fXncWion can aggraYaWe
pXlmonar\ edema and fXrWher impair m\ocardial fXncWion, fXrWher compromising o[\genaWion, YenWilaWion, and cardiac
oXWpXW. GradXall\ proYide YolXme resXsciWaWion for cardiogenic shock; giYe smaller (5-10 mL/kg) bolXses of isoWonic
cr\sWalloid and deliYer oYer a longer period of Wime (ie, oYer 10-20 minXWes). CarefXll\ moniWor hemod\namic
parameWers dXring ÁXid infXsion, and repeaW infXsion as needed.

InfanWs and children ZiWh cardiogenic shock ofWen reqXire medicaWions Wo increase and redisWribXWe cardiac oXWpXW,
improYe m\ocardial fXncWion, and redXce SVR. AddiWional WreaWmenW inclXdes redXcing meWabolic demand, sXch as
decreasing Zork of breaWhing and conWrolling feYer, Zhich alloZs a limiWed cardiac oXWpXW Wo beWWer meeW WissXe
meWabolic demands. For more deWails, refer Wo ParW 10: Managing Shock.

Obstructive Shock

ObstrXctiYe shock refers Wo condiWions WhaW ph\sicall\ impair blood ÁoZ b\ limiWing YenoXs reWXrn Wo Whe hearW or limiW
Whe pXmping of blood from Whe hearW, resXlWing in decreased cardiac oXWpXW. CaXses of obsWrXcWiYe shock inclXde

The ph\sical obsWrXcWion Wo blood ÁoZ resXlWs in loZ cardiac oXWpXW, inadeqXaWe WissXe perfXsion, and a compensaWor\
increase in SVR. The earl\ clinical presenWaWion of obsWrXcWiYe shock can be indisWingXishable from h\poYolemic
shock. HoZeYer, carefXl clinical e[aminaWion ma\ reYeal signs of s\sWemic or pXlmonar\ YenoXs congesWion WhaW are
noW consisWenW ZiWh h\poYolemia. In Whe case of massiYe PE, Wension pneXmoWhora[, and Wamponade, Whe onseW is
XsXall\ acXWe, as opposed Wo h\poYolemia, Zhich has a more gradXal progression Wo shock. As Whe condiWion
progresses, increased respiraWor\ efforW, c\anosis, and signs of YascXlar congesWion become more apparenW.

PaWhRSh\ViRlRg\ and Clinical SignV Rf ObVWUXcWiYe ShRck

PaWhoph\siolog\ and clinical signs Yar\ according Wo Whe caXse of Whe obsWrXcWiYe shock.

CaUdLac TaPSRQade

Cardiac Wamponade is caXsed b\ accXmXlaWing ÁXid, blood, or air in Whe pericardial space. Increased inWrapericardial
pressXre and compression of Whe hearW impede s\sWemic YenoXs and pXlmonar\ YenoXs reWXrn. This redXces
YenWricXlar Àlling and caXses decreased sWroke YolXme and cardiac oXWpXW. If XnWreaWed, cardiac Wamponade resXlWs in
cardiac arresW ZiWh pXlseless elecWrical acWiYiW\.

In children, cardiac Wamponade mosW ofWen occXrs afWer peneWraWing WraXma or cardiac sXrger\. IW also ma\ deYelop as
a resXlW of pericardial effXsion complicaWing an inÁammaWor\ disorder, an infecWion of Whe pericardiXm, a WXmor, or an
e[Wremel\ high ZhiWe blood cell coXnW. Table 44 oXWlines signs of cardiac Wamponade W\picall\ foXnd dXring Whe iniWial
assessmenW and primar\ assessmenW.

Pericardial Wamponade
Tension pneXmoWhora[
DXcWal-dependenW congeniWal hearW defecWs (eg, coarcWaWion of Whe aorWa, h\poplasWic lefW YenWricle)
MassiYe pXlmonar\ embolism

Preload: Yariable
ConWracWiliW\: normal
AfWerload: increased



TDEOH 44. FLQGLQJV CRQVLVWHQW :LWK CDUGLDF TDPSRQDGH

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Usually open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ Respiratory distress with increased respiratory rate and effort

CLUFXODWLRQ

DLVDELOLW\ Changes in level of consciousness

E[SRVXUH Extremities often cooler than trunk

*Sign unique to pericardial tamponade.

AfWer cardioYascXlar sXrger\ in children, signs of Wamponade ma\ be indisWingXishable from Whose of cardiogenic
shock. FaYorable oXWcome depends on XrgenW diagnosis and immediaWe WreaWmenW. In children ZiWh a large pericardial
effXsion, Whe elecWrocardiogram W\picall\ shoZs small QRS comple[es (loZ YolWage), bXW echocardiograph\ proYides a
deÀniWiYe diagnosis. PXlsXs parado[Xs is an e[aggeraWed manifesWaWion of a normal YariaWion in sWroke YolXme WhaW
occXrs dXring Whe phases of sponWaneoXs respiraWion. SWroke YolXme decreases slighWl\ dXring inspiraWion and
increases slighWl\ dXring e[piraWion. In pXlsXs parado[Xs, Whe s\sWolic blood pressXre declines b\ greaWer Whan 10 mm
Hg on inspiraWion, compared ZiWh e[piraWion. TrXe assessmenW for pXlsXs parado[Xs reqXires measXring blood
pressXre ZiWh a manXal pressXre cXff. InÁaWe Whe cXff XnWil no soXnds are heard (as XsXal). SloZl\ decrease Whe cXff
pressXre and noWe Zhen \oX iniWiall\ hear Whe KoroWkoff soXnds, Zhich Zill be Zhen Whe child is e[haling. ConWinXe Wo
sloZl\ deÁaWe Whe cXff and noWe Zhen \oX consisWenWl\ hear Whe KoroWkoff soXnds WhroXghoXW Whe respiraWor\ c\cle. If
Whe difference beWZeen Whese 2 poinWs is greaWer Whan 10 mm Hg, Whe child has a clinicall\ signiÀcanW pXlsXs
parado[Xs.

YoX ma\ be able Wo deWecW a signiÀcanW pXlsXs parado[Xs b\ palpaWing Whe pXlse, noWing a disWincW YariaWion in pXlse
ampliWXde as Whe child inhales and e[hales. PXlsXs parado[Xs ma\ also be apparenW on arWerial and pXlse o[imeWr\
ZaYeforms bXW is noW as easil\ qXanWiÀed Xnless Whe ZaYeform can be saYed on Whe moniWor screen or prinWed for
reYieZ.

TeQVLRQ PQeXPRWKRUa[

Tension pneXmoWhora[ is caXsed b\ air enWering Whe pleXral space and accXmXlaWing Xnder pressXre. This air can
enWer from lXng WissXe injXred b\ an inWernal Wear or from a peneWraWing chesW injXr\. An air leak WhaW enWers Whe pleXral
space bXW When sWops sponWaneoXsl\ is called a simple pneXmothora[. An ongoing leak can resXlW from posiWiYe-
pressXre YenWilaWion or chesW WraXma WhaW forces air oXW of Whe injXred lXng and inWo Whe pleXral space. If air conWinXes Wo
leak inWo Whe pleXral space, iW accXmXlaWes Xnder pressXre, creaWing a Wension pneXmoWhora[. As Whis pressXre
increases, iW compresses Whe Xnderl\ing lXng and pXshes Whe mediasWinXm Wo Whe opposiWe side of Whe chesW.
Compression of Whe lXng rapidl\ caXses respiraWor\ failXre. The high inWraWhoracic pressXre and direcW pressXre on
mediasWinal sWrXcWXres (hearW and greaW Yessels) impede YenoXs reWXrn, resXlWing in a rapid decline in cardiac oXWpXW
and h\poWension. UnWreaWed Wension pneXmoWhora[ leads Wo cardiac arresW characWeri]ed b\ pXlseless elecWrical
acWiYiW\.

SXspecW Wension pneXmoWhora[ in a YicWim of chesW WraXma or in an\ inWXbaWed child Zho deWerioraWes sXddenl\ Zhile
receiYing posiWiYe-pressXre YenWilaWion (inclXding bag-mask or noninYasiYe YenWilaWion). Table 45 oXWlines signs of
Wension pneXmoWhora[ W\picall\ foXnd dXring Whe iniWial assessmenW and primar\ assessmenW.

TDEOH 45. FLQGLQJV CRQVLVWHQW :LWK THQVLRQ PQHXPRWKRUD[

Tachycardia
Poor peripheral perfusion (weak distal pulses, cool extremities, delayed capillary refill)
MufÁed or diminished heart sounds*
Narrowed pulse pressure
Pulsus paradoxus (decrease in systolic blood pressure by >10 mm Hg during
spontaneous inspiration)*
Distended neck veins (may be difficult to see in infants, especially with severe
hypotension)



PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\

BUHDWKLQJ

CLUFXODWLRQ

DLVDELOLW\ Changes in level of consciousness

E[SRVXUH Extremities often cooler than trunk

*Sign(s) unique to tension pneumothorax.

FaYorable oXWcome depends on immediaWe diagnosis and WreaWmenW.

DXcWaO-DeSeQdeQW LeVLRQV

DXcWal-dependenW congeniWal cardiac abnormaliWies XsXall\ presenW in Whe ÀrsW da\s Wo Zeeks of life. DXcWal-dependenW
lesions inclXde

The congeniWal hearW lesions WhaW depend on Whe dXcWXs for pXlmonar\ blood ÁoZ presenW ZiWh c\anosis raWher Whan
signs of shock. The lefW YenWricXlar oXWÁoZ obsWrXcWiYe lesions ofWen presenW ZiWh signs of obsWrXcWiYe shock in Whe ÀrsW
feZ da\s or Zeeks of life Zhen Whe dXcWXs arWeriosXs closes. These lefW hearW and aorWic lesions inclXde coarcWaWion of
Whe aorWa, inWerrXpWed aorWic arch, criWical aorWic YalYe sWenosis, and h\poplasWic lefW hearW s\ndrome. ResWoring and
mainWaining openness/paWenc\ of Whe dXcWXs arWeriosXs is criWical for sXrYiYal XnWil sXrgical inWerYenWion is possible,
becaXse Whe dXcWXs serYes as a condXiW for s\sWemic blood ÁoZ WhaW b\passes Whe obsWrXcWion. If Whe infanW is Wo
sXrYiYe, \oX mXsW qXickl\ recogni]e Whe presence of a dXcWal-dependenW lesion and prompWl\ proYide WreaWmenW Wo
open and mainWain an open/paWenW dXcWXs arWeriosXs.

Table 46 oXWlines Àndings consisWenW ZiWh lefW YenWricXlar oXWÁoZ obsWrXcWiYe lesions WhaW ma\ be foXnd Zhile
eYalXaWing Whe child.

TDEOH 46. FLQGLQJV CRQVLVWHQW :LWK LHIW 9HQWULFXODU OXWÁRZ OEVWUXFWLYH LHVLRQV

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Usually open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ Respiratory failure with signs of pulmonary edema or inadequate respiratory effort

CLUFXODWLRQ

DLVDELOLW\ Rapid deterioration in level of consciousness

Variable depending on situation and primary cause of respiratory distress
Advanced airway may already be in place
Tracheal deviation toward contralateral side (the side opposite the side of the
pneumothorax). This deviation may be difficult to appreciate in infants.*

Respiratory distress with increased respiratory rate and effort
Hyperresonance of affected side; hyperexpansion of affected side*
Diminished or absent breath sounds on affected side*

Distended neck veins (may be difficult to appreciate in infants or in children with severe
hypotension)
Pulsus paradoxus (decrease in systolic blood pressure by >10 mm Hg during
spontaneous inspiration)
Rapid deterioration in perfusion; commonly, rapid evolution from tachycardia to
bradycardia and hypotension as cardiac output decreases

C\anoWic congeniWal hearW lesions (dXcWal dependenW for pXlmonar\ blood ÁoZ)
LefW YenWricXlar oXWÁoZ obsWrXcWiYe lesions (dXcWal dependenW for s\sWemic blood ÁoZ)

Rapid progressive deterioration in systemic perfusion
Congestive heart failure (cardiomegaly, hepatomegaly)
Higher preductal vs postductal blood pressure (coarctation or interrupted aortic arch)*
Higher (greater than 3% to 4%) preductal vs postductal arterial O2 saturation
(coarctation or interrupted aortic arch)*
Absent or weaker femoral pulses (coarctation or interrupted aortic arch)*
Metabolic acidosis (elevated lactate)



E[SRVXUH Cool skin

*Sign unique to left ventricular outÁow obstructive lesions.

MaVVLYe PXOPRQaU\ EPbROLVP

PXlmonar\ embolism is a WoWal or parWial obsWrXcWion of Whe pXlmonar\ arWer\ or iWs branches b\ a blood cloW, faW, air,
amnioWic ÁXid, caWheWer fragmenW, or injecWed maWWer. MosW commonl\, a pXlmonar\ embolXs is a WhrombXs WhaW
migraWes Wo Whe pXlmonar\ circXlaWion. PXlmonar\ embolism is rare in children bXW ma\ deYelop Zhen an Xnderl\ing
condiWion predisposes Whe child Wo inWraYascXlar Whrombosis. E[amples inclXde immobiliW\, cenWral YenoXs caWheWers,
sickle cell disease, malignanc\, connecWiYe WissXe disorders, and inheriWed disorders of coagXlaWion (eg, anWiWhrombin
III, proWein S, and proWein C deÀciencies).

PXlmonar\ embolism resXlWs in YenWilaWion/perfXsion mismaWch, h\po[emia, increased pXlmonar\ YascXlar resisWance
leading Wo righW hearW failXre, decreased lefW YenWricXlar Àlling, and decreased cardiac oXWpXW. PXlmonar\ embolism
ma\ be difÀcXlW Wo diagnose becaXse signs ma\ be sXbWle and nonspeciÀc (c\anosis, Wach\cardia, and h\poWension).
ProYiders ma\ noW sXspecW pXlmonar\ embolXs, especiall\ in children. HoZeYer, signs of s\sWemic YenoXs congesWion
and righW hearW failXre as Zell as acXWe onseW do help disWingXish iW from h\poYolemic shock. Some children ZiWh
pXlmonar\ embolism Zill sa\ Whe\ haYe chesW pain, reÁecWing lack of o[\genaWed blood ÁoZ Wo Whe lXng WissXe iWself.

Table 47 oXWlines Àndings consisWenW ZiWh pXlmonar\ embolism WhaW ma\ be foXnd Zhile eYalXaWing Whe child.

TDEOH 47. FLQGLQJV CRQVLVWHQW :LWK PXOPRQDU\ EPEROLVP

PULPaU\ aVVeVVPeQW FLQdLQJ

ALUZD\ Usually open/patent unless level of consciousness is significantly impaired

BUHDWKLQJ Respiratory distress with increased respiratory rate and effort

CLUFXODWLRQ

DLVDELOLW\ Changes in level of consciousness

E[SRVXUH Extremities may be cool and mottled

SXmmaU\

TreaWmenW of obsWrXcWiYe shock is caXse speciÀc; immediaWel\ recogni]ing and correcWing Whe Xnderl\ing caXse of Whe
obsWrXcWion can saYe a life. The mosW criWical Wasks for PALS proYiders are prompW recogniWion, diagnosis, and
WreaWmenW of obsWrXcWiYe shock. WiWhoXW Whem, children ZiWh obsWrXcWiYe shock ofWen progress rapidl\ Wo
cardiopXlmonar\ failXre and cardiac arresW.

Recogni]ing Shock FloZchart

Table 48 sXmmari]es recogniWion of Whe 4 basic W\pes of shock.

TDEOH 48. RHFRJQL]LQJ SKRFN FORZFKDUW

COLQLcaO VLJQV H\SRYROePLc
VKRcN

DLVWULbXWLYe
VKRcN

CaUdLRJeQLc
VKRcN

ObVWUXcWLYe
VKRcN

ALUZD\ PDWHQF\ Airway open and maintainable/not maintainable

BUHDWKLQJ RHVSLUDWRU\ UDWH Increased

RHVSLUDWRU\ HIIRUW Normal to increased Labored

Tachycardia
Cyanosis
Hypotension
Systemic venous congestion and right heart failure
Chest pain



BUHDWK VRXQGV Normal Normal (±
crackles)

Crackles, grunting

CLUFXODWLRQ S\VWROLF EORRG
SUHVVXUH

Compensated shock can progress to hypotensive shock if left untreated

PXOVH SUHVVXUH Narrow Variable Narrow

HHDUW UDWH Increased

PHULSKHUDO SXOVH
TXDOLW\

Weak Bounding or weak Weak

SNLQ Pale, cool Warm or cool Pale, cool

CDSLOODU\ UHÀOO Delayed Variable Delayed

UULQH RXWSXW Decreased

DLVDELOLW\ LHYHO RI
FRQVFLRXVQHVV

Irritable early, lethargic late

E[SRVXUH THPSHUDWXUH Variable



ParW 10: Managing Shock

Once \oX idenWif\ Vhock in a cUiWicall\ ill oU injXUed child, inWeUYene eaUl\ Wo UedXce moUbidiW\ and moUWaliW\. ThiV PaUW
diVcXVVeV Whe goalV and SUioUiWieV of Vhock managemenW, WUeaWmenW fXndamenWalV, geneUal and adYanced
managemenW, and VSeciÀc managemenW accoUding Wo eWiolog\.

Learning ObjectiYe

AfWeU comSleWing WhiV PaUW, \oX VhoXld be able Wo SeUfoUm eaUl\ inWeUYenWionV foU WUeaWing Vhock.

DXUing Whe coXUVe, \oX Zill be aVked Wo manage childUen in Vhock. To do WhiV, \oX mXVW knoZ geneUal and VSeciÀc
WUeaWmenW baVed on Whe diffeUenW W\SeV of Vhock.

Goals of Shock Management

The goalV in WUeaWing Vhock aUe Wo

ImmediaWe inWeUYenWion foU a child in Vhock ma\ be lifeVaYing. The moUe Wime WhaW SaVVeV beWZeen Whe onVeW of VignV
of Vhock and Whe UeVWoUaWion of adeTXaWe O2 deliYeU\ and oUgan SeUfXVion, Whe SooUeU Whe oXWcome iV. Once a child in
Vhock SUogUeVVeV Wo caUdiac aUUeVW, SUognoViV iV SooU.

WaUQiQg SigQV

WaWch foU VignV WhaW comSenVaWoU\ mechaniVmV aUe failing in a VeUioXVl\ ill oU injXUed child. Once \oX Uecogni]e WhaW
Whe child·V condiWion iV deWeUioUaWing, acW deciViYel\ ZiWh Whe UeVXVciWaWion Weam Wo SUoYide effecWiYe UeVXVciWaWion
WheUaS\. IdenWif\ing comSenVaWed Vhock eaUl\ iV cUiWical Wo effecWiYe WUeaWmenW and good oXWcome. WaUning VignV WhaW
indicaWe SUogUeVVion fUom comSenVaWed Wo h\SoWenViYe Vhock inclXde

Once Whe child deYeloSV h\SoWenViYe Vhock, oUgan SeUfXVion iV W\Sicall\ VeYeUel\ comSUomiVed, and oUgan
d\VfXncWion ma\ deYeloS eYen if Whe child doeV noW SUogUeVV Wo caUdiac aUUeVW.

Fundamentals of Shock Management

The acXWe WUeaWmenW of Vhock focXVeV on UeVWoUing O2 deliYeU\ Wo Whe WiVVXeV and imSUoYing Whe balance beWZeen
WiVVXe SeUfXVion and meWabolic demand. ThiV WUeaWmenW conViVWV of

TU\ Wo idenWif\ and UeYeUVe Whe XndeUl\ing caXVe of Vhock Zhile SUomSWl\ inWeUYening.

OSWiPi]iQg O[\geQ CRQWeQW Rf Whe BlRRd

ImSUoYe O2 deliYeU\
Balance WiVVXe SeUfXVion and meWabolic demand
SXSSoUW oUgan fXncWion
PUeYenW SUogUeVVion Wo caUdiac aUUeVW

IncUeaVing Wach\caUdia
DiminiVhing oU abVenW SeUiSheUal SXlVeV
Weakening cenWUal SXlVeV
NaUUoZing SXlVe SUeVVXUe
Cold diVWal e[WUemiWieV ZiWh SUolonged caSillaU\ UeÀll
DecUeaVing leYel of conVcioXVneVV
H\SoWenVion (laWe Ànding)

OSWimi]ing O2 conWenW of Whe blood
ImSUoYing YolXme and diVWUibXWion of caUdiac oXWSXW
RedXcing O2 demand
CoUUecWing meWabolic deUangemenWV



O2 conWenW of Whe blood iV deWeUmined b\ Whe hemoglobin concenWUaWion and iWV VaWXUaWion ZiWh o[\gen. To oSWimi]e O2
conWenW

IPSURYiQg VRlXPe aQd DiVWUibXWiRQ Rf CaUdiac OXWSXW

FoU moVW foUmV of Vhock, XVe bolXV ÁXid adminiVWUaWion Wo imSUoYe YolXme and diVWUibXWion of caUdiac oXWSXW. YoX ma\
conVideU noninYaViYe oU inYaViYe SoViWiYe-SUeVVXUe YenWilaWion Wo UedXce Whe ZoUk of bUeaWhing and imSUoYe
o[\genaWion. ChildUen in Vhock ma\ alVo beneÀW fUom YaVoacWiYe agenWV VXch aV YaVoSUeVVoUV, YaVodilaWoUV,
inodilaWoUV, and/oU inoWUoSeV.

RedXciQg O[\geQ DePaQd

FoU all foUmV of Vhock, WU\ Wo imSUoYe Whe balance beWZeen O2 deliYeU\ and VXSSl\ b\ UedXcing O2 demand. The moVW
common facWoUV WhaW conWUibXWe Wo incUeaVed O2 demand aUe

SXSSoUW bUeaWhing ZiWh noninYaViYe oU inYaViYe YenWilaWion and aVViVWed YenWilaWion. To faciliWaWe inWXbaWion and
mechanical YenWilaWion, \oX ma\ adminiVWeU VedaWiYeV oU analgeVicV and neXUomXVcXlaU blockade. YoX ma\ alVo need
Wo conWUol Sain and an[ieW\ ZiWh analgeVicV and VedaWiYeV. UVe VedaWiYe and analgeVic agenWV ZiWh e[WUeme caXWion;
Whe\ ma\ VXSSUeVV Whe child·V endogenoXV VWUeVV UeVSonVe, imSaiU comSenVaWoU\ mechaniVmV VXch aV Wach\caUdia,
and UedXce blood SUeVVXUe. The VedaWiYe effecWV of WheVe agenWV can alVo make iW moUe difÀcXlW Wo eYalXaWe Whe child·V
leYel of conVcioXVneVV and UeVSonVe Wo WUeaWmenW. ConWUol feYeU b\ adminiVWeUing anWiS\UeWicV and oWheU cooling
meaVXUeV.

CRUUecWiQg MeWabRlic DeUaQgePeQWV

Man\ condiWionV WhaW lead Wo Vhock ma\ UeVXlW in oU be comSlicaWed b\ meWabolic deUangemenWV, VXch aV

All of WheVe condiWionV can adYeUVel\ affecW caUdiac conWUacWiliW\. MeWabolic acidoViV iV chaUacWeUiVWic of all foUmV of
Vhock.

H\pogl\cemia iV loZ VeUXm glXcoVe concenWUaWion WhaW, if lefW XnWUeaWed, can caXVe Vei]XUeV and bUain injXU\. GlXcoVe
iV YiWal foU SUoSeU caUdiac and bUain fXncWion. GlXcoVe VWoUeV ma\ be loZ in infanWV and chUonicall\ ill childUen.

H\pocalcemia iV a loZ VeUXm ioni]ed calciXm concenWUaWion. CalciXm iV eVVenWial foU effecWiYe caUdiac fXncWion and
YaVomoWoU Wone. H\Socalcemia can UeVXlW fUom adminiVWeUing blood SUodXcWV, colloid, and bXffeUing medicaWionV VXch
aV VodiXm bicaUbonaWe.

H\perkalemia iV a high VeUXm SoWaVViXm concenWUaWion, Zhich ma\ UeVXlW fUom Uenal d\VfXncWion, cell deaWh, e[ceVV
SoWaVViXm adminiVWUaWion, oU acidoViV. AcidoViV caXVeV a VhifW of SoWaVViXm fUom Whe inWUacellXlaU Wo Whe e[WUacellXlaU³
inclXding Whe inWUaYaVcXlaU³VSace. AV a UeVXlW, acidoViV, oU a fall in VeUXm SH, W\Sicall\ iV aVVociaWed ZiWh a UiVe in
VeUXm SoWaVViXm. The VeUXm SoWaVViXm Zill fall Zhen acidoViV iV coUUecWed oU alkaloViV deYeloSV.

Metabolic acidosis deYeloSV fUom SUodXcWion of acidV, VXch aV lacWic acid, Zhen WiVVXe SeUfXVion iV inadeTXaWe. Renal
oU gaVWUoinWeVWinal d\VfXncWion can alVo caXVe meWabolic acidoViV. Renal d\VfXncWion can caXVe oUganic acid UeWenWion
oU bicaUbonaWe ion loVV Zhile gaVWUoinWeVWinal d\VfXncWion, VXch aV diaUUhea, can UeVXlW in bicaUbonaWe ion loVV. SeYeUe
meWabolic acidoViV ma\ deSUeVV m\ocaUdial conWUacWiliW\ and UedXce Whe effecW of YaVoSUeVVoUV. UnleVV meWabolic
acidoViV iV dXe Volel\ Wo bicaUbonaWe loVVeV, iW doeV noW UeVSond Zell Wo bXffeU WheUaS\. TUeaW Whe acidoViV b\
aWWemSWing Wo UeVWoUe WiVVXe SeUfXVion ZiWh ÁXid UeVXVciWaWion and YaVoacWiYe agenWV. If WUeaWmenW iV effecWiYe, Whe
meWabolic acidoViV Zill UeVolYe.

AdminiVWeU a high concenWUaWion of O2 (XVe nonUebUeaWhing maVk Wo deliYeU 100% O2)
UVe inYaViYe oU noninYaViYe mechanical YenWilaWion Wo imSUoYe o[\genaWion b\ coUUecWing a YenWilaWion/blood ÁoZ
(V/Q) miVmaWch oU oWheU UeVSiUaWoU\ diVoUdeUV
If hemoglobin concenWUaWion iV loZ, conVideU Sacked Ued blood cell (PRBC) WUanVfXVion

IncUeaVed ZoUk of bUeaWhing
Pain and an[ieW\
FeYeU

H\Sogl\cemia
H\Socalcemia
H\SeUkalemia
MeWabolic (lacWic) acidoViV



On occaVion, \oX ma\ need bXffeUV (eg, VodiXm bicaUbonaWe) Wo acXWel\ coUUecW SUofoXnd meWabolic acidoViV WhaW iV
imSaiUing YiWal oUgan fXncWion. SodiXm bicaUbonaWe ZoUkV b\ combining ZiWh h\dUogen ionV (acidV) Wo SUodXce caUbon
dio[ide and ZaWeU; incUeaVed alYeolaU YenWilaWion When eliminaWeV Whe caUbon dio[ide. VenWilaWion VXSSoUW iV alZa\V
imSoUWanW in Whe cUiWicall\ ill child, bXW iW iV eVSeciall\ imSoUWanW foU WUeaWing meWabolic acidoViV ZiWh VodiXm bicaUbonaWe.
One VcenaUio in Zhich VodiXm bicaUbonaWe VhoXld be aYoided iV DKA, ZheUe Whe HCO3 can be SUofoXndl\ loZ bXW
giYing HCO3 can UeVXlW in ZoUVe oXWcomeV.

CoUUecWing meWabolic deUangemenWV ma\ be eVVenWial Wo oSWimi]ing oUgan fXncWion. MeaVXUe ioni]ed calciXm
concenWUaWion (Whe acWiYe foUm of calciXm in Whe bod\) and glXcoVe concenWUaWion, and UeSleniVh Whem aV indicaWed. IW
iV imSoUWanW Wo meaVXUe glXcoVe a feZ WimeV dXUing UeVXVciWaWion, SaUWicXlaUl\ if iW iV boUdeUline oU Whe SaWienW haV
alUead\ UeceiYed de[WUoVe foU a SUeYioXVl\ loZ glXcoVe. ConVideU adminiVWeUing VodiXm bicaUbonaWe Wo WUeaW meWabolic
acidoViV UefUacWoU\ Wo aWWemSWV Wo incUeaVe caUdiac oXWSXW oU UediVWUibXWe blood ÁoZ Wo YiWal oUganV.

General Management of Shock

CRPSRQeQWV Rf GeQeUal MaQagePeQW

GeneUal managemenW of Vhock conViVWV of Whe folloZing:

NoWe WhaW VeYeUal of WheVe inWeUYenWionV ma\ be imSlemenWed b\ Whe Weam VimXlWaneoXVl\.

PRVLWLRQLQJ

IniWial managemenW of Vhock inclXdeV SoViWioning Whe cUiWicall\ ill oU injXUed child. If Whe child iV UeVSonViYe and
hemod\namicall\ VWable, alloZ heU Wo Uemain in Whe moVW comfoUWable SoViWion (eg, ViWWing in Whe aUmV of a caUegiYeU) Wo
decUeaVe an[ieW\ and acWiYiW\ aV \oX foUm \oXU iniWial aVVeVVmenW and condXcW Whe SUimaU\ aVVeVVmenW. If Whe child iV
h\SoWenViYe and bUeaWhing iV noW comSUomiVed, Slace Whe child in Whe VXSine SoViWion.

SXSSRUWLQJ ALUZa\, O[\JeQaWLRQ, aQd VeQWLOaWLRQ

MainWain an oSen/SaWenW aiUZa\ and VXSSoUW o[\genaWion and YenWilaWion. GiYe a high concenWUaWion of VXSSlemenWal
O2 Wo all childUen ZiWh Vhock, XVXall\ b\ a high-ÁoZ O2 deliYeU\ V\VWem. SomeWimeV \oX mXVW combine O2 deliYeU\
ZiWh YenWilaWoU\ VXSSoUW if UeVSiUaWionV aUe ineffecWiYe, menWal VWaWXV iV imSaiUed, oU ZoUk of bUeaWhing iV VigniÀcanWl\
incUeaVed. ASSUoSUiaWe inWeUYenWionV ma\ inclXde noninYaViYe SoViWiYe aiUZa\ SUeVVXUe oU mechanical YenWilaWion afWeU
endoWUacheal inWXbaWion.

VaVcXOaU AcceVV

Once Whe aiUZa\ iV oSen/SaWenW and o[\genaWion and YenWilaWion aUe VXSSoUWed, eVWabliVh YaVcXlaU acceVV foU ÁXid
UeVXVciWaWion and adminiVWeUing medicaWionV. FoU comSenVaWed Vhock, iniWial aWWemSWV aW SeUiSheUal YenoXV
cannXlaWion aUe aSSUoSUiaWe. FoU h\SoWenViYe Vhock, \oX can beVW accomSliVh cUiWical immediaWe YaVcXlaU acceVV b\
Whe inWUaoVVeoXV (IO) UoXWe if SeUiSheUal IV acceVV iV noW Ueadil\ achieYed. DeSending on Whe SUoYideU·V e[SeUience
and e[SeUWiVe and clinical ciUcXmVWanceV, cenWUal YenoXV acceVV ma\ be XVefXl. HoZeYeU, gaining cenWUal YenoXV
acceVV WakeV longeU Whan Slacing IO acceVV.

CULWLcaO CRQceSWV: IO AcceVV
If SeUiSheUal YaVcXlaU acceVV cannoW be Ueadil\ obWained in a child ZiWh comSenVaWed oU h\SoWenViYe Vhock, be
SUeSaUed Wo eVWabliVh IO acceVV.

PoViWioning
SXSSoUWing aiUZa\, o[\genaWion, and YenWilaWion
EVWabliVhing YaVcXlaU acceVV
PUoYiding ÁXid UeVXVciWaWion
MoniWoUing
PeUfoUming fUeTXenW UeaVVeVVmenW
ObWaining laboUaWoU\ VWXdieV
PUoYiding medicaWion WheUaS\
ConVXlWing aSSUoSUiaWe VXbVSecialiVWV



FoU moUe infoUmaWion on eVWabliVhing IO acceVV, UefeU Wo InWUaoVVeoXV AcceVV in ReVoXUceV foU Managing CiUcXlaWoU\
EmeUgencieV in PaUW 10 of WhiV manXal.

FlXid ReVXVciWaWiRQ

Once \oX eVWabliVh YaVcXlaU acceVV, VWaUW ÁXid UeVXVciWaWion immediaWel\.

CULWLcaO CRQceSWV: FOXLd ReVXVcLWaWLRQ
In geneUal, iVoWonic cU\VWalloid VhoXld be giYen aV a bolXV oYeU 5 Wo 20 minXWeV: 10 Wo 20 mL/kg foU childUen ZiWh
VXVSecWed VeSWic Vhock and 20 mL/kg foU all oWheU Vhock eWiologieV (XnleVV oWheUZiVe VSeciÀed). In childUen ZiWh
VeYeUe, h\SoWenViYe, h\SoYolemic Vhock, ÁXid VhoXld be giYen oYeU 5 Wo 10 minXWeV. If \oX VXVSecW caUdiogenic
Vhock, XVe VmalleU ÁXid bolXVeV of 5 Wo 10 mL/kg giYen oYeU 10 Wo 20 minXWeV. CaUefXll\ moniWoU foU VignV of
SXlmonaU\ edema oU ZoUVening WiVVXe SeUfXVion. SWoS Whe infXVion if VXch VignV occXU. Be SUeSaUed Wo VXSSoUW
o[\genaWion and YenWilaWion aV neceVVaU\.

ReaVVeVV* and UeSeaW bolXVeV Wo UeVWoUe blood SUeVVXUe and WiVVXe SeUfXVion.

*ReSeaW ÁXid bolXVeV baVed on clinical VignV of end-oUgan SeUfXVion, inclXding heaUW UaWe, caSillaU\ UeÀll, leYel of
conVcioXVneVV, and XUine oXWSXW.

MRQLWRULQJ

No Vingle UeVXVciWaWion end SoinW haV been idenWiÀed aV a conViVWenW maUkeU of adeTXaWe WiVVXe SeUfXVion and cellXlaU
homeoVWaViV. HoZeYeU, \oX can aVVeVV Whe effecWiYeneVV of ÁXid UeVXVciWaWion and medicaWion WheUaS\ b\ fUeTXenW oU
conWinXoXV moniWoUing (Table 49).

Table 49. Monitoring in Circulatory Emergencies

Frequently or continuously monitor Indication of positive response to shock therapy

Oxygen saturation with pulse oximetry 94% oU higheU Zhen bUeaWhing Uoom aiU

Heart rate AppUopUiaWe foU age and clinical condiWion. T\picall\ Zill fall fUom a Uapid UaWe WoZaUd
a noUmal Uange (UefeU Wo Table 14: NoUmal HeaUW RaWeV in PaUW 4)

Peripheral pulses Weak pXlVeV Zill become VWUongeU, and boXnding pXlVeV Zill be leVV boXnding bXW
VWill VWUong

Capillary refill Will VhoUWen WoZaUd 2 VecondV oU leVV

Skin color and temperature NoUmal Vkin coloU and mXcoXV membUaneV; ZaUm e[WUemiWieV

Blood pressure IncUeaVe Wo ZiWhin noUmal Uange foU age (Table 16: NoUmal Blood PUeVVXUeV in PaUW
4) ZiWh noUmal pXlVe pUeVVXUe

Level of consciousness Child Zill UeVpond moUe appUopUiaWel\ (ie, menWal VWaWXV impUoYeV)

Ongoing fluid losses Bleeding and diaUUhea conWUolled

Urine output Infants and \oung children
appUo[imaWel\ 1.5 Wo 2 mL/kg peU hoXU
Older children and adolescents
appUo[imaWel\ 1 mL/kg peU hoXU

AV Voon aV SoVVible, VWaUW noninYaViYe moniWoUing (SSO2, heaUW UaWe, blood SUeVVXUe), aVVeVV menWal VWaWXV, and
meaVXUe WemSeUaWXUe and meaVXUe XUine oXWSXW ZiWh an indZelling bladdeU caWheWeU. AlVo conVideU inYaViYe
moniWoUing (eg, aUWeUial and cenWUal YenoXV caWheWeUi]aWion), deSending on Whe SUoYideUV· e[SeUience and aYailable
UeVoXUceV. SignV WhaW indicaWe clinical imSUoYemenW WoZaUd a noUmal hemod\namic VWaWe aUe decUeaVed VeUXm lacWaWe,
VmalleU baVe deÀciW, and cenWUal YenoXV o[\gen VaWXUaWion (ScYO2) gUeaWeU Whan 70%.

CULWLcaO CRQceSWV: AccXUaWeO\ AVVeVV TLVVXe PeUIXVLRQ
AlWhoXgh meaVXUing blood SUeVVXUe iV eaV\, iW iV imSoUWanW Wo aVVeVV oWheU clinical SaUameWeUV Wo eYalXaWe WiVVXe
SeUfXVion. RemembeU WhaW blood SUeVVXUe ma\ be noUmal in childUen ZiWh VeYeUe Vhock, and noninYaViYe blood
SUeVVXUe meaVXUemenW ma\ be inaccXUaWe if SeUfXVion iV SooU.



FUeTXeQW ReaVVeVVPeQW

FUeTXenWl\ UeaVVeVV Whe child·V UeVSiUaWoU\, caUdioYaVcXlaU, and neXUologic VWaWXV Wo

A child in Vhock iV in a d\namic clinical condiWion WhaW can deWeUioUaWe aW an\ momenW and UeTXiUe lifeVaYing
inWeUYenWionV, VXch aV endoWUacheal inWXbaWion. FUeTXenWl\ UeaVVeVV XnWil Whe child·V condiWion becomeV VWable oU Whe
child iV WUanVfeUUed Wo adYanced caUe.

CULWLcaO CRQceSWV: MRQLWRU WR EYaOXaWe TUeQdV
The condiWion of a child in Vhock iV d\namic. ConWinXoXVl\ moniWoU and fUeTXenWl\ UeaVVeVV Wo eYalXaWe WUendV in Whe
child·V condiWion and deWeUmine UeVSonVe Wo WheUaS\.

LabRUaWRU\ SWXdLeV

LaboUaWoU\ VWXdieV SUoYide imSoUWanW infoUmaWion Wo helS \oX

RefeU Wo PaUW 13: PoVW²CaUdiac AUUeVW CaUe foU addiWional infoUmaWion on eYalXaWing end-oUgan fXncWion. AlVo conVideU
e[SeUW conVXlWaWion in diagnoViV and managemenW of end-oUgan failXUe.

Table 50 oXWlineV Vome laboUaWoU\ VWXdieV WhaW can helS idenWif\ Whe eWiolog\ and VeYeUiW\ of Vhock and gXide WheUaS\.

Table 50. Laboratory Studies to Evaluate Shock and Guide Therapy

Laboratory study Finding Possible etiology Possible interventions

Complete blood cell
count

Hemoglobin/hemaWocUiW
decUeaVed

WhiWe blood cell coXnW
incUeaVed oU decUeaVed

PlaWeleWV decUeaVed

Glucose IncUeaVed oU decUeaVed

Potassium IncUeaVed oU decUeaVed

Calcium DecUeaVed (ioni]ed

EYalXaWe WUendV in Whe child·V condiWion
DeWeUmine UeVSonVe Wo WheUaS\
Plan Whe ne[W inWeUYenWionV

IdenWif\ Whe eWiolog\ and VeYeUiW\ of Vhock
EYalXaWe oUgan d\VfXncWion VecondaU\ Wo Vhock
IdenWif\ meWabolic deUangemenWV
EYalXaWe UeVSonVe Wo WheUaS\

HemoUUhage
FlXid UeVXVciWaWion (dilXWion)
Hemol\ViV

AdminiVWeU 100% O2
ConWUol bleeding
TUanVfXVe blood
TiWUaWe ÁXid adminiVWUaWion

SepViV ObWain appUopUiaWe cXlWXUeV
GiYe anWibioWicV

DiVVeminaWed inWUaYaVcXlaU
coagXlaWion
DecUeaVed plaWeleW pUodXcWion

TUanVfXVe plaWeleWV if child haV
VeUioXV bleeding
ObWain pUoWhUombin Wime/paUWial
WhUomboplaVWin Wime, ÀbUinogen,
and D-dimeUV

SWUeVV (XVXall\ incUeaVed bXW
ma\ be decUeaVed in infanWV)
SepViV
DecUeaVed pUodXcWion (eg, liYeU
failXUe)
AdUenal inVXfÀcienc\

If h\pogl\cemia iV pUeVenW, giYe
de[WUoVe bolXV and VWaUW infXVion
of de[WUoVe-conWaining VolXWion if
needed
SeYeUe h\peUgl\cemia ma\
UeTXiUe WUeaWmenW (peU
inVWiWXWional pUoWocolV oU obWain
e[peUW conVXlWaWion)

Renal d\VfXncWion
AcidoViV (incUeaVeV VeUXm
poWaVViXm concenWUaWion)
DiXUeViV (decUeaVed)
AdUenal inVXfÀcienc\ (incUeaVed)

TUeaW VigniÀcanW oU V\mpWomaWic
h\peUkalemia oU h\pokalemia
CoUUecW acidoViV

SepViV GiYe calciXm



calciXm concenWUaWion)

Lactate IncUeaVed aV pUodXcW of
anaeUobic meWaboliVm
fUom WiVVXe
h\popeUfXVion

Arterial blood gas pH decUeaVed in
acidoViV; incUeaVed ZiWh
alkaloViV

ScvO2 VaUiable

*Anion gap = ([VeUXm Na+] ï ([VeUXm Cl−] + [VeUXm HCO3
−]); noUmal = appUo[imaWel\ 8 Wo 12 mET/L.

MedLcaWLRQ TKeUaS\

UVe medicaWion WheUaS\ Zhen managing Vhock Wo affecW m\ocaUdial conWUacWiliW\, heaUW UaWe, and YaVcXlaU UeViVWance.
The choice of agenW(V) iV deWeUmined b\ Whe child·V Sh\Viologic VWaWe.

VaVoacWiYe agenWV aUe indicaWed Zhen Vhock SeUViVWV deVSiWe adeTXaWe YolXme UeVXVciWaWion Wo oSWimi]e SUeload. FoU
e[amSle, a child ZiWh VeSWic Vhock Zho UemainV h\SoWenViYe ZiWh VignV of YaVodilaWion deVSiWe ÁXid bolXV
adminiVWUaWion ma\ beneÀW fUom a YaVoconVWUicWoU. AdminiVWeUing YaVoacWiYe medicaWionV iV SoWenWiall\ haUmfXl if Whe
child haV noW been adeTXaWel\ ÁXid UeVXVciWaWed ÀUVW. HoZeYeU, in childUen ZiWh caUdiogenic Vhock, XVe YaVoacWiYe
agenWV eaUl\ becaXVe ÁXid UeVXVciWaWion iV noW ke\ Wo imSUoYing m\ocaUdial fXncWion and ma\ conWUibXWe Wo SXlmonaU\
edema and UeVSiUaWoU\ failXUe. MoVW childUen ZiWh caUdiogenic Vhock beneÀW fUom a YaVodilaWoU (SUoYided WhaW blood
SUeVVXUe iV adeTXaWe) Wo decUeaVe V\VWemic YaVcXlaU UeViVWance (SVR) and incUeaVe caUdiac oXWSXW and WiVVXe
SeUfXVion.

InoWUoSeV, ShoVShodieVWeUaVe inhibiWoUV (eg, Whe inodilaWoU milUinone), YaVodilaWoUV, and YaVoSUeVVoUV aUe claVVeV of
ShaUmacologic agenWV commonl\ XVed in Vhock. Table 51 liVWV YaVoacWiYe medicaWionV b\ claVV and ShaUmacologic
effecWV.

Table 51. Vasoactive Therapy Used in Treating Shock

Class Medication Effect

Inotropes

Note: InclXdeV agenWV ZiWh boWh њ-
adUeneUgic and ћ-adUeneUgic effecWV

Phosphodiesterase inhibitors

TUanVfXVion of blood pUeVeUYed
ZiWh ciWUaWe-phoVphaWe-de[WUan
Colloid adminiVWUaWion
BXffeUing agenWV (eg, VodiXm
bicaUbonaWe)

TiVVXe h\po[ia
IncUeaVed glXcoVe pUodXcWion
(glXconeogeneViV)
DecUeaVed meWaboliVm (eg, liYeU
failXUe, inboUn eUUoU of
meWaboliVm, Wo[ic ingeVWion)

ImpUoYe WiVVXe peUfXVion
TUeaW acidoViV if end-oUgan
fXncWion iV impaiUed
ConVideU oWheU XnXVXal
eWiologieV foU lacWic acidoViV if
lacWaWe noW impUoYing ZiWh
impUoYed V\VWemic o[\gen
deliYeU\
ConVideU bXffeUing acidoViV in
VpeciÀc ViWXaWionV

LacWic acid accXmXlaWion caXVed
b\ WiVVXe h\popeUfXVion
Renal failXUe
InboUn eUUoU of meWaboliVm
DiabeWic keWoacidoViV
PoiVoning/oYeUdoVe
DiaUUhea oU ileoVWom\ loVVeV
H\peU/h\poYenWilaWion (VepViV,
poiVoning)
VomiWing

GiYe ÁXid
SXppoUW YenWilaWion
CoUUecW Vhock
ConVideU bXffeU
EYalXaWe anion gap* Wo
deWeUmine if acidoViV iV fUom
incUeaVed XnmeaVXUed ionV
(incUeaVed anion gap) oU iV moUe
likel\ fUom loVV of bicaUbonaWe
(noUmal anion gap)

LoZ cenWUal YenoXV O2
VaWXUaWion³inadeTXaWe O2
deliYeU\ oU incUeaVed
conVXmpWion
High cenWUal YenoXV O2
VaWXUaWion³maldiVWUibXWion of
blood ÁoZ oU decUeaVed O2
XWili]aWion

AWWempW Wo ma[imi]e O2 deliYeU\
and minimi]e O2 demand

EpinephUine
DobXWamine
Dopamine

IncUeaVe caUdiac conWUacWiliW\
IncUeaVe heaUW UaWe
PUodXce YaUiable effecWV on SVR

MilUinone DecUeaVe SVR



(inodilators)

Vasodilators

Vasopressors (vasoconstrictors)

CULWLcaO CRQceSWV: CRORU-CRded LeQJWK-BaVed TaSe
UVe a coloU-coded lengWh-baVed WaSe Wo deWeUmine Whe child·V ZeighW (if noW knoZn) foU calcXlaWing dUXg doVeV and foU
VelecWing Whe coUUecW Vi]eV of UeVXVciWaWion eTXiSmenW. RefeU Wo ReVoXUceV foU Managing CiUcXlaWoU\ EmeUgencieV in
PaUW 10 of WhiV manXal foU an e[amSle.

SXbVSecLaOW\ CRQVXOWaWLRQ

FoU VSeciÀc Vhock caWegoUieV, Vome UeTXiUed lifeVaYing diagnoVWic aVVeVVmenWV and WheUaSeXWic inWeUYenWionV ma\ be
be\ond man\ PALS SUoYideUV· VcoSe of SUacWice. FoU e[amSle, a SUoYideU ma\ noW be WUained Wo inWeUSUeW an
echocaUdiogUam oU SeUfoUm a WhoUacoVWom\ oU SeUicaUdiocenWeViV. Recogni]e limiWaWionV Wo \oXU oZn VcoSe of SUacWice
and call foU helS Zhen needed. EaUl\ VXbVSecialW\ conVXlWaWion (eg, SediaWUic cUiWical caUe, SediaWUic caUdiolog\,
SediaWUic VXUgeU\) iV eVVenWial Wo Vhock managemenW and ma\ inÁXence oXWcome.

CULWLcaO CRQceSWV: E[SeUW CRQVXOWaWLRQ
When WUeaWing a child in Vhock, SUoYideUV mXVW obWain conVXlWaWion fUom aSSUoSUiaWe e[SeUWV aV Voon aV SoVVible.

SXPPaU\: IQiWial MaQagePeQW PUiQciSleV

ThiV VXmmaU\ UeYieZV iniWial Vhock managemenW SUinciSleV diVcXVVed in WhiV VecWion:

ImpUoYe coUonaU\ aUWeU\ blood ÁoZ
ImpUoYe conWUacWiliW\
ImpUoYe diaVWolic Uela[aWion (Àlling)

NiWUogl\ceUin
NiWUopUXVVide

DecUeaVe SVR and YenoXV Wone

EpinephUine (doVeV >0.1 mcg/kg peU
minXWe)
NoUepinephUine
Dopamine (doVeV >10 mcg/kg peU
minXWe)
VaVopUeVVin

IncUeaVe SVR
IncUeaVe m\ocaUdial conWUacWiliW\
(e[cepW YaVopUeVVin)

PoViWioning Whe child

OSWimi]ing aUWeUial O2 conWenW

SXSSoUWing YenWilaWion aV indicaWed (inYaViYe oU noninYaViYe)
EVWabliVhing YaVcXlaU acceVV

Beginning ÁXid UeVXVciWaWion

MoniWoUing

PeUfoUming fUeTXenW UeaVVeVVmenW

² SWable³AlloZ Wo Uemain ZiWh caUegiYeU in a SoViWion of comfoUW
² UnVWable³If h\SoWenViYe, Slace in VXSine SoViWion XnleVV bUeaWhing iV comSUomiVed

² AdminiVWeU a high concenWUaWion of O2 Yia a nonUebUeaWhing maVk; conVideU blood WUanVfXVion in caVeV of
VigniÀcanW blood loVV oU oWheU caXVeV of VeYeUe anemia; and conVideU XVing conWinXoXV SoViWiYe aiUZa\
SUeVVXUe, noninYaViYe SoViWiYe aiUZa\ SUeVVXUe, oU mechanical YenWilaWion ZiWh SoViWiYe end-e[SiUaWoU\ SUeVVXUe

² ConVideU IO acceVV eaUl\

² GiYe an iVoWonic cU\VWalloid bolXV of 20 mL/kg oYeU 5 Wo 20 minXWeV (5-10 minXWeV ZiWh VeYeUe, h\SoWenViYe,
h\SoYolemic Vhock); UeSeaW 20 mL/kg bolXVeV aV needed Wo UeVWoUe blood SUeVVXUe and WiVVXe/oUgan SeUfXVion.
FoU childUen ZiWh Vhock dXe Wo VXVSecWed VeSViV, adminiVWUaWion of 10 Wo 20 mL/kg iV Uecommended, ZiWh
UeSeaW bolXVeV of 10 Wo 20 mL/kg aV Zell. ReaVVeVV Whe child afWeU each bolXV. FoU WUaXma and hemoUUhage,
adminiVWeU PRBCV if Whe child doeV noW UeVSond Wo iVoWonic cU\VWalloid. Modif\ bolXV ÁXid WheUaS\ Wo deliYeU 5 Wo
10 mL/kg oYeU 10 Wo 20 minXWeV if \oX VXVSecW caUdiogenic Vhock oU VeYeUe m\ocaUdial d\VfXncWion

² SSO2, heaUW UaWe, UeVSiUaWoU\ UaWe and effoUW, blood SUeVVXUe, leYel of conVcioXVneVV, WemSeUaWXUe, and XUine
oXWSXW



Fluid Therap\

The SUimaU\ objecWiYe of ÁXid WheUaS\ in Vhock iV Wo UeVWoUe inWUaYaVcXlaU YolXme and WiVVXe SeUfXVion. RaSid ÁXid
UeVXVciWaWion iV UeTXiUed foU h\SoYolemic and diVWUibXWiYe Vhock, inclXding VeSWic Vhock. CaUdiogenic and obVWUXcWiYe
Vhock, aV Zell aV VSecial condiWionV VXch aV VeYeUe SoiVoningV oU ÁXid loVV ZiWh DKA, ma\ dicWaWe alWeUnaWiYe
aSSUoacheV Wo ÁXid UeVXVciWaWion.

In geneUal, bolXVeV of iVoWonic cU\VWalloid Zill e[Sand inWUaYaVcXlaU YolXme. Blood and blood SUodXcWV aUe geneUall\
noW XVed foU YolXme e[SanVion in childUen ZiWh Vhock XnleVV Vhock iV dXe Wo hemoUUhage. Blood SUodXcWV ma\ alVo be
indicaWed foU coUUecWion of Vome coagXloSaWhieV.

IVRWRQic CU\VWallRid SRlXWiRQV

FoU moVW childUen ZiWh Vhock, iVoWonic cU\VWalloid VolXWionV, VXch aV noUmal Valine oU lacWaWed RingeU·V, aUe Whe
SUefeUUed iniWial ÁXidV foU YolXme UeSlacemenW in managing Vhock. The\ aUe ine[SenViYe, Ueadil\ aYailable, and do noW
caXVe VenViWiYiW\ UeacWionV.

CULWLcaO CRQceSWV: QXaQWLW\ RI CU\VWaOORLd SROXWLRQ LQ SKRcN ReVXVcLWaWLRQ
BecaXVe iVoWonic cU\VWalloidV aUe diVWUibXWed WhUoXghoXW Whe e[WUacellXlaU VSace, a laUge TXanWiW\ of cU\VWalloid VolXWion
ma\ be needed Wo UeVWoUe inWUaYaVcXlaU YolXme foU childUen in Vhock. RaSid infXVion of a laUge YolXme of ÁXid ma\ be
Zell WoleUaWed b\ a healWh\ child bXW ma\ caXVe SXlmonaU\ and SeUiSheUal edema in a cUiWicall\ ill child. ReaVVeVV afWeU
eYeU\ ÁXid bolXV.

CRllRid SRlXWiRQV

Colloid VolXWionV (eg, 5% albXmin and fUeVh fUo]en SlaVma) ma\ be alWeUnaWiYeV Wo cU\VWalloid VolXWionV. HoZeYeU, Whe\
haYe diVadYanWageV foU Whe acXWe UeVXVciWaWion of a child in Vhock. The\ aUe leVV Zidel\ aYailable Whan cU\VWalloid
VolXWionV and ma\ Wake Wime Wo SUeSaUe. Blood-deUiYed colloid VolXWionV ma\ caXVe VenViWiYiW\ UeacWionV. S\nWheWic
colloidV ma\ caXVe coagXloSaWhieV; WheiU XVe iV XVXall\ limiWed Wo 20 Wo 40 mL/kg. AV ZiWh cU\VWalloidV, e[ceVViYe
adminiVWUaWion of colloidV can lead Wo SXlmonaU\ edema, SaUWicXlaUl\ in childUen ZiWh caUdiac oU Uenal diVeaVe. DeVSiWe
WheVe limiWaWionV, fUeVh fUo]en SlaVma ma\ be XVed in VSeciÀc ciUcXmVWanceV, VXch aV maVViYe hemoUUhage and blood
adminiVWUaWion (UefeU Wo IndicaWionV foU Blood PUodXcW AdminiVWUaWion laWeU in WhiV SaUW).

RaWe aQd VRlXPe Rf FlXid AdPiQiVWUaWiRQ

SWaUW ÁXid UeVXVciWaWion foU Vhock ZiWh 20 mL/kg of iVoWonic cU\VWalloid bolXV oYeU 5 Wo 20 minXWeV; in childUen ZiWh
Vhock dXe Wo VXVSecWed VeSViV, adminiVWeU 10 Wo 20 mL/kg SeU bolXV. ReSeaW bolXVeV aV needed Wo UeVWoUe blood
SUeVVXUe and SeUfXVion. YoX ma\ ofWen Ànd iW difÀcXlW Wo SUedicW Whe YolXme of ÁXid deÀciW fUom Whe child·V hiVWoU\, Vo
XVe clinical e[aminaWion and VXSSoUWing laboUaWoU\ VWXdieV Wo idenWif\ Whe YolXme needed. YoX ma\ need Wo adminiVWeU
moUe Whan Whe eVWimaWed YolXme deÀciW. ReaVVeVV fUeTXenWl\ and afWeU adminiVWeUing each bolXV.

GiYe Áuid boluses rapidl\ foU h\SoWenViYe and VeSWic Vhock. ChildUen ZiWh VeSWic Vhock ma\ UeTXiUe 60 mL/kg oU moUe
of iVoWonic cU\VWalloid VolXWion dXUing Whe ÀUVW hoXU of WheUaS\; aV mXch aV 200 mL/kg oU moUe ma\ be UeTXiUed in Whe
ÀUVW 8 hoXUV of WheUaS\.

CULWLcaO CRQceSWV: FOXLd AdPLQLVWUaWLRQ

CondXcWing laboUaWoU\ VWXdieV

AdminiVWeUing ShaUmacologic VXSSoUW³UefeU Wo Table 51: VaVoacWiYe TheUaS\ UVed in TUeaWing of Shock

² EYalXaWe WUendV and deWeUmine UeVSonVe Wo WheUaS\

² To idenWif\ Vhock eWiolog\ and VeYeUiW\, eYalXaWe oUgan d\VfXncWion VecondaU\ Wo Vhock, idenWif\ meWabolic
deUangemenWV, and eYalXaWe Whe UeVSonVe Wo WheUaS\

² To incUeaVe heaUW UaWe, imSUoYe m\ocaUdial fXncWion oU UediVWUibXWe caUdiac oXWSXW (incUeaVe conWUacWiliW\, UedXce
oU incUeaVe SVR, imSUoYe oUgan SeUfXVion), coUUecW meWabolic deUangemenWV, and manage Sain and an[ieW\

² ObWain VXbVSecialW\ conVXlWaWion



If \oX Ànd oU VXVSecW m\ocaUdial d\VfXncWion oU obVWUXcWiYe Vhock, giYe smaller Yolumes of Áuid more sloZl\.
AdminiVWeU bolXVeV of 5 Wo 10 mL/kg oYeU 10 Wo 20 minXWeV and UeaVVeVV afWeU each bolXV; VWoS bolXV adminiVWUaWion if
Whe child deYeloSV VignV of ZoUVening UeVSiUaWoU\ VWaWXV, UaleV, oU oWheU eYidence of SXlmonaU\ edema oU
heSaWomegal\. ObWain fXUWheU diagnoVWic aVVeVVmenW and e[SeUW conVXlWaWion (eg, echocaUdiogUam) Wo conÀUm
VXVSicionV and gXide Whe ne[W inWeUYenWionV. Be SUeSaUed Wo VXSSoUW Whe aiUZa\, o[\genaWion, and YenWilaWion ZiWh
SoViWiYe end-e[SiUaWoU\ SUeVVXUe aV needed if SXlmonaU\ edema deYeloSV.

Modif\ing Áuid resuscitation iV aSSUoSUiaWe foU childUen in Vhock aVVociaWed ZiWh DKA. ChildUen ZiWh DKA ma\ be
VigniÀcanWl\ deh\dUaWed bXW ofWen haYe high VeUXm oVmolaliW\ (caXVed b\ h\SeUgl\cemia). RaSidl\ adminiVWeUing
cU\VWalloid VolXWion and UedXcing VeUXm oVmolaliW\ ma\ conWUibXWe Wo UiVk of ceUebUal edema. TheUefoUe, ÁXid
managemenW in DKA iV comSle[. ConVideU giYing an iniWial bolXV of iVoWonic cU\VWalloid 10 Wo 20 mL/kg oYeU 1 Wo 2
hoXUV. ThiV conVWiWXWeV a ÁXid bolXV, bXW iW iV aW\Sical in WhaW iW iV giYen oYeU a longeU SeUiod of Wime Whan Whe XVXal ÁXid
bolXV. HoZeYeU, if Whe SaWienW ZiWh DKA iV in h\SoWenViYe Vhock, Whe WUeaWmenW aSSUoach VhoXld defaXlW Wo moUe
aggUeVViYe bolXV ÁXidV foU Vhock SeU an\ oWheU eWiolog\ of Vhock. Man\ inVWiWXWionV haYe local SUoWocolV aboXW
VSeciÀcall\ managing DKA and iWV aVVociaWed meWabolic, elecWUol\We, and ÁXid deUangemenWV. ConVXlW e[SeUWV Zhen
SoVVible. AfWeU giYing a ÁXid bolXV, UeaVVeVV Whe SaWienW.

SimilaUl\, childUen Zho haYe ingeVWed calciXm channel blockeUV oU ћ-adUeneUgic blockeUV ma\ haYe m\ocaUdial
d\VfXncWion and aUe leVV WoleUanW of UaSid YolXme e[SanVion. When caUing foU childUen ZiWh VeYeUe febUile illneVV in
VeWWingV ZiWh limiWed acceVV Wo cUiWical caUe UeVoXUceV (ie, mechanical YenWilaWion and inoWUoSic VXSSoUW), adminiVWeU
bolXV IV ÁXidV ZiWh e[WUeme caXWion becaXVe iW ma\ be haUmfXl. Once again, SUoYideUV VhoXld UeaVVeVV Whe SaWienW
afWeU eYeU\ ÁXid bolXV.

Table 52 giYeV a VXmmaU\ of ÁXid bolXVeV and UaWeV of deliYeU\ baVed on Whe XndeUl\ing caXVe of Vhock.

Table 52. Guide to Fluid Boluses and Rates of Delivery Based on Underlying Cause of Shock

Type of shock Volume of Áuid Approximate rate of delivery

Hypovolemic shock
Distributive shock (eg, anaphylaxis,
neurogenic)

20 mL/kg bolXV (UepeaW aV
needed)

OYeU 5-20 minXWeV; giYen oYeU 5-10 minXWeV if
VeYeUe and/oU h\poWenViYe

Cardiogenic shock (nonpoisoning) 5-10 mL/kg bolXV (UepeaW aV
needed)

OYeU 10-20 minXWeV

Poisonings (eg, calcium channel blocker or
β-adrenergic blocker)

5-10 mL/kg (UepeaW aV
needed)

OYeU 10-20 minXWeV

Septic shock 10-20 mL/kg (UepeaW aV
needed)

OYeU 5-20 minXWeV

DKA

DKA with compensated shock 10-20 mL/kg PeU local pUoWocol; if XVed, giYe oYeU aW leaVW
1-2 hoXUV*

*RefeU Wo paUagUaph on modif\ing ÁXid UeVXVciWaWion foU deWailV.

RaSid FlXid DeliYeU\

IV ÁXid adminiVWUaWion V\VWemV geneUall\ XVed foU SediaWUic ÁXid WheUaS\ do noW deliYeU ÁXid bolXVeV aV UaSidl\ aV
UeTXiUed foU managing Vome foUmV of Vhock. To helS deliYeU ÁXid UaSidl\

Note: SWandaUd infXVion SXmSV³eYen if VeW aW Whe ma[imXm infXVion UaWe³do noW SUoYide a VXfÀcienWl\ UaSid UaWe of
ÁXid deliYeU\, eVSeciall\ in laUgeU childUen. FoU e[amSle, a 50-kg SaWienW ZiWh VeSWic Vhock VhoXld ideall\ UeceiYe 1 L of
cU\VWalloid in 5 Wo 10 minXWeV, bXW VWandaUd infXVion SXmSV ma\ haYe a ma[imXm UaWe of 999 mL foU Whe hoXUl\ UaWe.

FUeTXeQWl\ ReaVVeVV DXUiQg FlXid ReVXVciWaWiRQ

FUeTXenWl\ UeaVVeVV dXUing ÁXid UeVXVciWaWion Wo manage Vhock effecWiYel\. MoniWoU Wo

Place aV laUge an IV caWheWeU aV SoVVible, eVSeciall\ if blood oU colloid adminiVWUaWion iV needed; ideall\, inVeUW 2
caWheWeUV.
Place an in-line 3-Za\ VWoScock in Whe IV WXbing V\VWem.
DeliYeU ÁXid b\ XVing a 30- Wo 60-mL V\Uinge Wo SXVh ÁXidV WhUoXgh Whe VWoScock, oU XVe a SUeVVXUe bag (beZaUe of
UiVk of aiU emboliVm) oU a UaSid infXVion deYice.
If IV acceVV cannoW be eVWabliVhed, eVWabliVh IO acceVV.



SignV of Sh\Viologic imSUoYemenW inclXde imSUoYed SeUfXVion, incUeaVed blood SUeVVXUe, decUeaVing heaUW UaWe
(WoZaUd noUmal), decUeaVed UeVSiUaWoU\ UaWe (WoZaUd noUmal), incUeaVed XUine oXWSXW, and imSUoYed menWal VWaWXV. If
Whe child·V condiWion doeV noW imSUoYe oU ZoUVenV afWeU ÁXid bolXVeV, WU\ Wo idenWif\ Whe caXVe of Whe Vhock Wo helS
deWeUmine Whe ne[W inWeUYenWionV. FoU e[amSle, SeUViVWenWl\ dela\ed caSillaU\ UeÀll deVSiWe iniWial ÁXid adminiVWUaWion
ma\ indicaWe ongoing hemoUUhage oU oWheU ÁXid loVV. DeWeUioUaWion of Whe child·V condiWion afWeU ÁXid WheUaS\ ma\
Vignal caUdiogenic oU obVWUXcWiYe Vhock. IncUeaVed ZoUk of bUeaWhing ma\ indicaWe SXlmonaU\ edema.

IQdicaWiRQV fRU AdPiQiVWeUiQg BlRRd PURdXcWV

AdminiVWeUing PRBCV iV Uecommended foU UeSlacing WUaXmaWic blood loVV if Whe child·V SeUfXVion iV inadeTXaWe deVSiWe
UeceiYing 2 Wo 3 bolXVeV of 20 mL/kg of iVoWonic cU\VWalloid. UndeU WheVe ciUcXmVWanceV, adminiVWeU 10 mL/kg PRBCV
aV Voon aV aYailable.

FXll\ cUoVVmaWched blood iV geneUall\ noW aYailable in emeUgencieV becaXVe moVW blood bankV UeTXiUe aboXW 1 hoXU
foU Whe cUoVVmaWching SUoceVV. IW ma\ become aYailable foU childUen Zho aUe VWabili]ed ZiWh cU\VWalloid bXW haYe
ongoing blood loVVeV. PUioUiWieV foU Whe W\Se of blood oU blood SUodXcWV XVed in oUdeU of SUefeUence aUe

UnmaWched, W\Se-VSeciÀc blood ma\ be XVed if ongoing blood loVV UeVXlWV in h\SoWenVion deVSiWe adminiVWUaWion of
cU\VWalloid. MoVW blood bankV can VXSSl\ W\Se-VSeciÀc blood ZiWhin 10 minXWeV. T\Se-VSeciÀc blood iV ABO and Rh
comSaWible bXW, Xnlike fXll\ cUoVVmaWched blood, ma\ haYe oWheU anWibodieV WhaW aUe incomSaWible ZiWh Whe SaWienW·V
blood.

UVe W\Se O blood if blood VhoXld be adminiVWeUed immediaWel\ Wo SUeYenW ciUcXlaWoU\ collaSVe oU caUdioSXlmonaU\
aUUeVW, becaXVe iW can be giYen Wo childUen of an\ blood W\Se. O-negaWiYe blood iV SUefeUUed foU female SaWienWV of
childbeaUing age Wo aYoid Rh VenViWi]aWion. EiWheU O-negaWiYe oU O-SoViWiYe blood ma\ be adminiVWeUed Wo male
SaWienWV.

CRPSlicaWiRQV Rf RaSid AdPiQiVWUaWiRQ Rf BlRRd PURdXcWV

RaSid infXVion of cold blood oU blood SUodXcWV, SaUWicXlaUl\ in laUge YolXme, ma\ SUodXce VeYeUal comSlicaWionV,
inclXding

H\SoWheUmia ma\ adYeUVel\ affecW caUdioYaVcXlaU fXncWion and coagXlaWion aV Zell aV comSUomiVe VeYeUal meWabolic
fXncWionV, inclXding meWaboliVm of ciWUaWe, Zhich iV SUeVenW in VWoUed blood. InadeTXaWe ciWUaWe cleaUance, in WXUn,
caXVeV ioni]ed h\Socalcemia. The combined effecWV of h\SoWheUmia and ioni]ed h\Socalcemia can UeVXlW in
VigniÀcanW m\ocaUdial d\VfXncWion and h\SoWenVion.

To minimi]e WheVe SUoblemV, ZaUm blood and blood SUodXcWV, if SoVVible, ZiWh an aSSUoYed commeUcial blood-
ZaUming deYice befoUe oU dXUing UaSid IV adminiVWUaWion. PUeSaUe calciXm if Whe child becomeV h\SoWenViYe dXUing
UaSid WUanVfXVion; in Vome caVeV, iW ma\ be beneÀcial Wo adminiVWeU calciXm emSiUicall\ Wo SUeYenW h\Socalcemia.

Glucose

MoniWoU blood glXcoVe concenWUaWion aV a comSonenW of Vhock managemenW. H\Sogl\cemia, a common Ànding in
cUiWicall\ ill childUen, can UeVXlW in bUain injXU\ if noW UaSidl\ idenWiÀed and effecWiYel\ WUeaWed. In one SediaWUic VWXd\,
h\Sogl\cemia ZaV SUeVenW in 18% of childUen Zho UeceiYed UeVXVciWaWiYe caUe in an emeUgenc\ deSaUWmenW foU
decUeaVed leYel of conVcioXVneVV, VWaWXV eSileSWicXV, UeVSiUaWoU\ failXUe, caUdioSXlmonaU\ failXUe, oU caUdiac aUUeVW.

GlXcRVe MRQiWRUiQg

AVVeVV Whe Sh\Viologic UeVSonVe Wo WheUaS\ afWeU each ÁXid bolXV
DeWeUmine Whe need foU fXUWheU ÁXid bolXVeV
AVVeVV foU VignV of deWUimenWal effecWV (eg, SXlmonaU\ edema) dXUing and afWeU ÁXid UeVXVciWaWion

CUoVVmaWched
T\Se VSeciÀc
T\Se O-negaWiYe (O[ï] SUefeUUed foU female SaWienWV and eiWheU O[+] oU O[ï] foU male SaWienWV)

H\SoWheUmia
M\ocaUdial d\VfXncWion
Ioni]ed h\Socalcemia



MeaVXUe VeUXm glXcoVe concenWUaWion aV Voon aV SoVVible in all cUiWicall\ ill infanWV and childUen (eg, WhoVe ZiWh
alWeUed menWal VWaWXV, UeVSiUaWoU\ comSUomiVe, Vhock) fUom caSillaU\, YenoXV, oU aUWeUial blood VamSleV ZiWh a SoinW-of-
caUe deYice oU b\ laboUaWoU\ anal\ViV. Small infanWV and chUonicall\ ill childUen haYe higheU glXcoVe XWili]aWion UaWeV
and limiWed VWoUeV of gl\cogen. ThiV limiWed VXSSl\ ma\ UaSidl\ deSleWe dXUing eSiVodeV of Sh\Viologic VWUeVV, UeVXlWing
in h\Sogl\cemia. InfanWV UeceiYing non²glXcoVe-conWaining IV ÁXidV aUe aW incUeaVed UiVk foU deYeloSing
h\Sogl\cemia.

CULWLcaO CRQceSWV: IdeQWLI\ H\SRJO\cePLa
In all cUiWicall\ ill oU injXUed childUen, SeUfoUm a UaSid glXcoVe WeVW Wo UXle oXW h\Sogl\cemia aV a caXVe of oU a
conWUibXWing facWoU Wo Vhock oU decUeaVed leYel of conVcioXVneVV.

H\SeUgl\cemia, alVo fUeTXenWl\ SUeVenW in VeUioXVl\ ill oU injXUed childUen, ma\ UeVXlW fUom a UelaWiYe inVXlin-UeViVWanW
VWaWe indXced b\ high concenWUaWionV of endogenoXV caWecholamineV and coUWiVol. AlWhoXgh conWUolling VeUXm glXcoVe
concenWUaWion ZiWhin a naUUoZ Uange b\ XVing inVXlin infXVion imSUoYed VXUYiYal in cUiWicall\ ill adXlW and SediaWUic
SaWienWV, WighW glXcoVe conWUol ZaV alVo aVVociaWed ZiWh moUe fUeTXenW eSiVodeV of h\Sogl\cemia. InVXfÀcienW daWa
VXSSoUW UoXWine XVe of WhiV WighW conWUol of glXcoVe concenWUaWion in cUiWicall\ ill childUen. ConVideU WUeaWing
h\SeUgl\cemia in high-UiVk gUoXSV, VXch aV bUain-injXUed childUen, Zhile moniWoUing cloVel\ Wo SUeYenW h\Sogl\cemia.

DiagQRViQg H\SRgl\cePia

H\Sogl\cemia ma\ be difÀcXlW Wo Uecogni]e clinicall\ b\ Whe child·V aSSeaUance. Some childUen haYe no oXWZaUd VignV
oU V\mSWomV (ie, aV\mSWomaWic h\Sogl\cemia), Zhile oWheUV ma\ VhoZ nonVSeciÀc clinical VignV, VXch aV

TheVe clinical VignV aUe alVo common Wo man\ oWheU condiWionV, inclXding h\So[emia, iVchemia, oU Vhock.

AlWhoXgh Vingle WhUeVhold YalXeV aUe noW aSSlicable Wo eYeU\ SaWienW, Whe folloZing loZeVW acceSWable glXcoVe
concenWUaWionV can be XVed Wo deÀne h\Sogl\cemia:

The UeSoUWed loZ Uange of noUmal glXcoVe iV W\Sicall\ UelaWed Wo VamSle meaVXUemenWV obWained in nonVWUeVVed,
faVWing infanWV and childUen. IW iV difÀcXlW Wo e[WUaSolaWe WheVe WhUeVholdV Wo Whe glXcoVe concenWUaWion UeTXiUed b\ a
VWUeVVed, cUiWicall\ ill, oU injXUed child.

MaQagiQg H\SRgl\cePia

If Whe glXcoVe concenWUaWion iV loZ and Whe child haV minimal V\mSWomV and noUmal menWal VWaWXV, \oX ma\ adminiVWeU
glXcoVe oUall\ (eg, ZiWh oUange jXice oU oWheU glXcoVe-conWaining ÁXid). If Whe concenWUaWion iV YeU\ loZ oU Whe child iV
V\mSWomaWic, giYe IV glXcoVe aW a doVe of 0.5 Wo 1 g/kg. IV de[WUoVe iV commonl\ adminiVWeUed aV D25W (2-4 mL/kg)
oU D10W (5-10 mL/kg). De[WUoVe iV Whe Vame VXbVWance aV glXcoVe. ReaVVeVV Whe VeUXm glXcoVe concenWUaWion afWeU
de[WUoVe adminiVWUaWion. PUoYide a conWinXoXV infXVion of glXcoVe-conWaining IV ÁXid Wo SUeYenW UecXUUenW
h\Sogl\cemia.

Do noW UoXWinel\ infXVe de[WUoVe-conWaining ÁXidV foU YolXme UeVXVciWaWion of Vhock. ThiV can caXVe h\SeUgl\cemia,
incUeaVe Whe VeUXm oVmolaliW\, and SUodXce an oVmoWic diXUeViV WhaW Zill fXUWheU e[aceUbaWe h\SoYolemia and Vhock.
ElecWUol\We imbalanceV (eg, h\SonaWUemia) can alVo deYeloS.

Management According to T\pe of Shock

EffecWiYe managemenW of Vhock WaUgeWV WUeaWmenW Wo Whe eWiolog\ of Whe Vhock. FoU Whe SXUSoVeV of Whe PALS PUoYideU
CoXUVe, Vhock iV caWegoUi]ed inWo 4 W\SeV, baVed on Whe XndeUl\ing caXVe. HoZeYeU, WhiV claVViÀcaWion meWhod
oYeUVimSliÀeV Whe Sh\Viologic VWaWe Veen in indiYidXal SaWienWV. Some childUen ZiWh Vhock haYe elemenWV of

PooU SeUfXVion
DiaShoUeViV
Tach\caUdia
H\SoWheUmia
IUUiWabiliW\ oU leWhaUg\
H\SoWenVion

PUeWeUm and WeUm neonaWeV: leVV Whan 40 mg/dL
InfanWV, childUen, and adoleVcenWV: leVV Whan 60 mg/dL



h\SoYolemic, diVWUibXWiYe, and caUdiogenic Vhock, ZiWh 1 W\Se being dominanW. An\ child ZiWh VeYeUe Vhock ma\
deYeloS chaUacWeUiVWicV of m\ocaUdial d\VfXncWion and maldiVWUibXWion of blood ÁoZ. FoU a moUe comSUehenViYe
diVcXVVion of Vhock b\ eWiolog\, UefeU Wo PaUW 9: Recogni]ing Shock.

Managing Whe folloZing W\SeV of Vhock iV diVcXVVed in WhiV VecWion:

MaQagiQg H\SRYRlePic ShRck

RaSid adminiVWUaWion of iVoWonic cU\VWalloidV iV Whe SUimaU\ WheUaS\ foU h\SoYolemic Vhock. ChildUen ZiWh h\SoYolemic
Vhock Zho UeceiYe an aSSUoSUiaWe YolXme of ÁXid ZiWhin Whe ÀUVW hoXU afWeU UeVXVciWaWion haYe Whe beVW chance foU
VXUYiYal and UecoYeU\. Timel\ adminiVWUaWion of ÁXid iV ke\ Wo SUeYenWing deWeUioUaWion fUom comSenVaWed h\SoYolemic
Vhock Wo h\SoWenViYe and UefUacWoU\ Vhock.

CULWLcaO CRQceSWV: TLPeO\ FOXLd ReVXVcLWaWLRQ LQ H\SRYROePLc SKRcN
IW iV imSoUWanW Wo SUoYide UaSid, adeTXaWe ÁXid UeVXVciWaWion foU h\SoYolemic Vhock. AYoid Whe common eUUoUV of
inadeTXaWe oU dela\ed adminiVWUaWion of ÁXid UeVXVciWaWion.

OWheU comSonenWV in effecWiYel\ managing h\SoYolemic Vhock aUe

DeWeUPLQLQJ AdeTXaWe FOXLd ReVXVcLWaWLRQ

Deh\dration iV deÀned aV a loVV of ZaWeU ZiWh YaU\ing loVV of elecWUol\WeV leading Wo a h\SeUWonic (h\SeUnaWUemic),
iVoWonic, oU h\SoWonic (h\SonaWUemic) VWaWe. The loVVeV can be fUom Vome combinaWion of Whe inWeUVWiWial, inWUacellXlaU,
and inWUaYaVcXlaU comSaUWmenWV; Whe UelaWiYe loVV fUom each comSonenW helSV deWeUmine clinical V\mSWomV. SeYeUiW\
of deh\dUaWion iV geneUall\ UelaWed Wo Whe SeUcenWage of WoWal bod\ ZaWeU loVV (ie, SeUcenW deh\dUaWion), bXW Whe
SeUcenWage iV noW conViVWenW acUoVV all age gUoXSV becaXVe Whe UelaWiYe SUoSoUWion of ÁXid loVV baVed on WoWal bod\
ZeighW iV Vi]e deSendenW.

AdeTXaWe ÁXid UeVXVciWaWion in h\SoYolemic Vhock iV deWeUmined b\ Whe

The e[WenW of YolXme deSleWion ma\ be XndeUeVWimaWed and XndeUWUeaWed. In man\ caVeV, YolXme loVV iV
comSoXnded b\ inadeTXaWe ÁXid inWake. UVe YiWal VignV and Sh\Vical e[aminaWion Wo aVVeVV Whe child·V UeVSonVe Wo
each ÁXid bolXV. The clinical SaUameWeUV XVed Wo helS deWeUmine Whe SeUcenWage of deh\dUaWion inclXde

H\SoYolemic
DiVWUibXWiYe
CaUdiogenic
ObVWUXcWiYe

IdenWif\ing Whe W\Se of YolXme loVV (nonhemoUUhagic YV hemoUUhagic)
ReSlacing YolXme deÀciW
PUeYenWing and UeSlacing ongoing loVVeV (eg, bleeding, GI loVVeV)
ReVWoUing acid-baVe balance
CoUUecWing meWabolic deUangemenWV

E[WenW of YolXme deSleWion
T\Se of YolXme loVV (eg, blood, elecWUol\We-conWaining ÁXid, oU elecWUol\We-and-SUoWein²conWaining ÁXid)

GeneUal aSSeaUance
PUeVence oU abVence of WeaUV and aSSeaUance of e\eV (noUmal YV VXnken)
MoiVWXUe of mXcoXV membUaneV
Skin elaVWiciW\ (ie, Vkin WXUgoU)
ReVSiUaWoU\ UaWe and deSWh
HeaUW UaWe
Blood SUeVVXUe
CaSillaU\ UeÀll Wime
UUine oXWSXW
MenWal VWaWXV



Clinicall\ VigniÀcanW deh\dUaWion in childUen iV geneUall\ aVVociaWed ZiWh aW leaVW 5% YolXme deSleWion (ie, 5% oU
gUeaWeU loVV in bod\ ZeighW) coUUeVSonding Wo a ÁXid deÀciW of 50 mL/kg oU gUeaWeU. TheUefoUe, WUeaWing a child ZiWh
clinicall\ eYidenW deh\dUaWion ZiWh adminiVWUaWion of a Vingle 20 mL/kg bolXV of iVoWonic cU\VWalloid ma\ be inVXfÀcienW.
ConYeUVel\, iW iV XVXall\ XnneceVVaU\ Wo comSleWel\ coUUecW Whe eVWimaWed deÀciW ZiWhin Whe ÀUVW hoXU. AfWeU SeUfXVion iV
UeVWoUed and Whe child iV no longeU in Vhock, Whe WoWal ÁXid deÀciW ma\ be coUUecWed oYeU Whe ne[W 24 Wo 48 hoXUV.

AlWhoXgh all foUmV of h\SoYolemic Vhock aUe iniWiall\ WUeaWed ZiWh UaSid infXVion of iVoWonic cU\VWalloid, eaUl\
idenWiÀcaWion of Whe W\Se of YolXme loVV can oSWimi]e fXUWheU WUeaWmenW. FlXid loVVeV ma\ be claVViÀed aV
nonhemoUUhagic and hemoUUhagic. NonhemoUUhagic loVVeV inclXde elecWUol\We-conWaining ÁXidV (eg, diaUUhea,
YomiWing, oVmoWic diXUeViV aVVociaWed ZiWh DKA) and SUoWein-and-elecWUol\We²conWaining ÁXidV (eg, loVVeV aVVociaWed
ZiWh bXUnV and SeUiWoniWiV).

NRQKePRUUKaJLc H\SRYROePLc SKRcN

Common VoXUceV of nonhemoUUhagic ÁXid loVV aUe gaVWUoinWeVWinal (ie, YomiWing and diaUUhea), XUinaU\ (eg, diabeWeV
inViSidXV [DI]), and caSillaU\ leak (eg, bXUnV). H\SoYolemia caXVed b\ nonhemoUUhagic ÁXid loVV iV geneUall\ claVViÀed
in WeUmV of SeUcenW loVV of bod\ ZeighW (Table 53). CoUUelaWion of blood SUeVVXUe and ÁXid deÀciWV iV imSUeciVe. AV a
geneUal UXle, hoZeYeU, Vhock ma\ be obVeUYed in childUen ZiWh ÁXid deÀciWV of 50 Wo 100 mL/kg (SaUWicXlaUl\ in
h\SonaWUemic deh\dUaWion), bXW iW iV moUe conViVWenWl\ obVeUYed ZiWh deÀciWV of 100 mL/kg oU gUeaWeU.

Table 53. Stages and Signs of Dehydration

Severity of
dehydration

Infant estimated
weight loss 

(mL/kg)*

Adolescent
estimated weight

loss 
(mL/kg)*

Clinical signs Pitfalls in
assessment

Mild 5% (50) 3% (30)

Moderate 10% (100) 5% Wo 6% (50-60)

Severe 15% (150) 7% Wo 9% (70-90)

*mL/kg UefeUV Wo Whe eVWimaWed coUUeVponding ÁXid deÀciW noUmali]ed Wo bod\ ZeighW.
ModiÀed ZiWh peUmiVVion fUom RobeUWV KB. FlXid and elecWUol\WeV: paUenWeUal ÁXid WheUap\. Pediatr Rev. 2001;22(11):380-387.

DU\ mXcoXV
membUaneV
OligXUia

OUal mXcoVa ma\
be dU\ in chUonic
moXWh bUeaWheUV
FUeTXenc\ and
amoXnW of XUine aUe
difÀcXlW Wo aVVeVV
dXUing diaUUhea,
eVpeciall\ ZiWh
infanWV ZeaUing
diapeUV

PooU Vkin WXUgoU
SXnken fonWanel
MaUked oligXUia
Tach\caUdia
QXieW Wach\pnea

AffecWed b\ VodiXm
concenWUaWion;
incUeaVed VodiXm
concenWUaWion
beWWeU mainWainV
inWUaYaVcXlaU
YolXme
FonWanel open onl\
in infanWV
OligXUia iV affecWed
b\ feYeU, VodiXm
concenWUaWion, and
XndeUl\ing diVeaVe

MaUked Wach\caUdia
Weak Wo abVenW
diVWal pXlVeV
NaUUoZ pXlVe
pUeVVXUe
IncUeaVed
UeVpiUaWoU\ UaWe
AnXUia
H\poWenVion and
alWeUed menWal
VWaWXV (laWe
ÀndingV)

Clinical VignV aUe
affecWed b\ feYeU,
VodiXm
concenWUaWion, and
XndeUl\ing diVeaVe;
incUeaVed VodiXm
concenWUaWion
beWWeU mainWainV
inWUaYaVcXlaU
YolXme



RaSidl\ infXVe 20 mL/kg bolXVeV of iVoWonic cU\VWalloid Wo effecWiYel\ WUeaW childUen ZiWh h\SoYolemic Vhock VecondaU\
Wo deh\dUaWion. FailXUe Wo imSUoYe afWeU aW leaVW 3 bolXVeV (ie, 60 mL/kg) of iVoWonic cU\VWalloid indicaWeV WhaW

Ongoing ÁXid loVVeV (eg, diaUUhea, bXUnV) mXVW be UeSlaced in addiWion Wo coUUecWing e[iVWing ÁXid deÀciWV. Colloid iV
noW UoXWinel\ indicaWed aV Whe iniWial WUeaWmenW of h\SoYolemic Vhock. AlbXmin and oWheU colloidV, hoZeYeU, haYe been
XVed VXcceVVfXll\ foU YolXme UeSlacemenW in childUen ZiWh laUge ´WhiUd-VSaceµ loVVeV oU albXmin deÀciWV.

HePRUUKaJLc H\SRYROePLc SKRcN

HemoUUhagic h\SoYolemic Vhock iV claVViÀed accoUding Wo an eVWimaWed SeUcenW of WoWal blood YolXme loVV (Table 54).

Table 54. Systemic Responses to Blood Loss in Pediatric Patients

System Mild blood volume loss
(<30%)

Moderate blood volume loss
(30%-45%)

Severe blood volume loss
(>45%)

Cardiovascular IncUeaVed heaUW UaWe; Zeak,
WhUead\ peUipheUal pXlVeV; noUmal
V\VWolic blood pUeVVXUe (80-90 + 2
[ age in \eaUV); noUmal pXlVe
pUeVVXUe

MaUkedl\ incUeaVed heaUW UaWe;
Zeak, WhUead\ cenWUal pXlVeV; loZ
noUmal V\VWolic blood pUeVVXUe (70-
80 + 2 [ age in \eaUV); naUUoZed
pXlVe pUeVVXUe

Tach\caUdia folloZed b\
bUad\caUdia; YeU\ Zeak oU abVenW
cenWUal pXlVeV; abVenW peUipheUal
pXlVeV; h\poWenVion (<70 + 2 [
age in \eaUV); naUUoZed pXlVe
pUeVVXUe (oU XndeWecWable
diaVWolic blood pUeVVXUe)

Central
nervous
system

An[ioXV; iUUiWable; confXVed LeWhaUgic; dXlled UeVponVe Wo pain* ComaWoVe

Skin Cool, moWWled; pUolonged capillaU\
UeÀll

C\anoWic; maUkedl\ pUolonged
capillaU\ UeÀll

Pale and cold

Urine output� LoZ Wo YeU\ loZ Minimal None

*The child·V dXlled UeVponVe Wo pain ZiWh WhiV degUee of blood loVV (30% Wo 45%) ma\ be indicaWed b\ a decUeaVed UeVponVe Wo IV
caWheWeU inVeUWion.
†AfWeU iniWial decompUeVVion b\ XUinaU\ caWheWeU. LoZ noUmal iV 2 mL/kg peU hoXU (infanW), 1.5 mL/kg peU hoXU (\oXngeU child), 1 mL/kg
peU hoXU (oldeU child), and 0.5 mL/kg peU hoXU (adoleVcenW).
RepUodXced fUom AmeUican College of SXUgeonV CommiWWee on TUaXma. PediaWUic WUaXma. In: Advanced Trauma Life Support for
Doctors: ATLS Student Course Manual. 9Wh ed. AmeUican College of SXUgeonV; 2012:257.

In childUen, Whe diYiding line beWZeen mild and comSenVaWed YV modeUaWe oU VeYeUe h\SoWenViYe hemoUUhagic Vhock iV
WhoXghW Wo coUUelaWe ZiWh an acXWe loVV of aboXW 30% of blood YolXme. The eVWimaWed WoWal blood YolXme of a child iV
75 Wo 80 mL/kg; a 30% blood YolXme loVV, WheUefoUe, UeSUeVenWV a blood loVV of aboXW 25 mL/kg.

FlXid UeVXVciWaWion in hemoUUhagic Vhock beginV ZiWh UaSid infXVion of iVoWonic cU\VWalloid in bolXVeV of 20 mL/kg.
BecaXVe iVoWonic cU\VWalloidV aUe diVWUibXWed WhUoXghoXW Whe e[WUacellXlaU VSace, iW ma\ be neceVVaU\ Wo giYe XS Wo 3
bolXVeV of 20 mL/kg (60 mL/kg) of ÁXid Wo UeSlace a 25% loVV of blood YolXme; aSSUo[imaWel\ 3 mL of cU\VWalloid iV
needed foU eYeU\ 1 mL of blood loVW. If Whe child UemainV hemod\namicall\ XnVWable deVSiWe 2 Wo 3 bolXVeV of 20
mL/kg iVoWonic cU\VWalloid, PRBCV VhoXld be adminiVWeUed. If ongoing adminiVWUaWion of PRBCV iV needed, SlaWeleWV
and fUeVh fUo]en SlaVma VhoXld be VWUongl\ conVideUed Wo aYoid coagXloSaWh\ aVVociaWed ZiWh mXlWiSle PRBC
infXVionV.

CULWLcaO CRQceSWV: 3 PL WR 1 PL RXOe
FoU ÁXid UeVXVciWaWion in hemoUUhagic Vhock, giYe aboXW 3 mL of iVoWonic cU\VWalloid foU eYeU\ 1 mL of blood loVW.

FoU blood UeSlacemenW, XVe PRBCV in 10 mL/kg bolXVeV. Whole blood (20 mL/kg) can be giYen in Slace of PRBCV,
bXW iW iV haUdeU and moUe Wime-conVXming Wo obWain. AlVo, Whe UiVk of WUanVfXVion UeacWion iV VigniÀcanWl\ incUeaVed if
Whe blood iV noW cUoVVmaWched. To minimi]e adYeUVe effecWV, ZaUm Whe blood if a blood-ZaUming deYice iV aYailable,
eVSeciall\ Zhen WUanVfXVing UaSidl\.

The e[WenW of ÁXid loVVeV ma\ be XndeUeVWimaWed
The W\Se of ÁXid UeSlacemenW ma\ need Wo be alWeUed (eg, need foU colloid oU blood)
TheUe aUe ongoing ÁXid loVVeV (eg, occXlW bleeding)
YoXU iniWial aVVXmSWion aboXW Whe eWiolog\ of Whe Vhock ma\ be incoUUecW (ie, conVideU alWeUnaWiYe oU combined W\SeV
of Vhock)



IndicaWionV foU WUanVfXVion in hemoUUhagic Vhock inclXde

Cr\stalloid-refractor\ hemorrhagic shock iV deÀned aV SeUViVWenW h\SoWenVion deVSiWe adminiVWUaWion of 40 Wo 60 mL/kg
cU\VWalloid. ChildUen ZiWh UaSid hemoUUhage ma\ demonVWUaWe a noUmal oU loZ iniWial hemoglobin concenWUaWion.
TUanVfXVe blood foU a loZ hemoglobin concenWUaWion becaXVe anemia incUeaVeV Whe UiVk of WiVVXe h\So[ia fUom
inadeTXaWe aUWeUial O2 conWenW and O2 deliYeU\.

MedLcaWLRQ TKeUaS\

VaVoacWiYe agenWV aUe noW UoXWinel\ indicaWed foU managing h\SoYolemic Vhock. MoUibXnd childUen ZiWh SUofoXnd
h\SoYolemic Vhock and h\SoWenVion ma\ UeTXiUe VhoUW-WeUm adminiVWUaWion of YaVoacWiYe agenWV, VXch aV eSineShUine,
Wo UeVWoUe caUdiac conWUacWiliW\ and YaVcXlaU Wone once adeTXaWe ÁXid UeVXVciWaWion iV SUoYided.

AcLd-BaVe BaOaQce

EaUl\ in Whe SUogUeVVion of h\SoYolemic Vhock, Whe child ma\ deYeloS Wach\Snea and UeVSiUaWoU\ alkaloViV. HoZeYeU,
Whe alkaloViV doeV noW comSleWel\ coUUecW Whe meWabolic (lacWic) acidoViV SUodXced b\ h\SoYolemic Vhock. A child ZiWh
long-VWanding oU VeYeUe Vhock ma\ haYe VeYeUe acidoViV becaXVe Whe child eYenWXall\ deYeloSV faWigXe oU
caUdioUeVSiUaWoU\ failXUe. ChildUen ZiWh head oU cheVW injXUieV ma\ noW demonVWUaWe comSenVaWoU\ Wach\Snea.

PeUViVWenW acidoViV and SooU SeUfXVion aUe indicaWionV of inadeTXaWe UeVXVciWaWion oU, in hemoUUhagic Vhock, of
ongoing blood loVV. SodiXm bicaUbonaWe iV noW Uecommended foU WUeaWing meWabolic acidoViV VecondaU\ Wo
h\SoYolemic Vhock. AV long aV ÁXid UeVXVciWaWion imSUoYeV SeUfXVion and end-oUgan fXncWion, meWabolic acidoViV iV
Zell WoleUaWed and Zill coUUecW gUadXall\. SodiXm bicaUbonaWe adminiVWUaWion iV indicaWed if Whe meWabolic acidoViV iV
caXVed b\ VigniÀcanW bicaUbonaWe loVVeV fUom Uenal oU gaVWUoinWeVWinal loVVeV (ie, a non²anion gaS meWabolic acidoViV)
becaXVe iW iV difÀcXlW Wo comSenVaWe foU an ongoing bicaUbonaWe loVV.

SSecLÀc TUeaWPeQW CRQVLdeUaWLRQV

FolloZ Whe iniWial managemenW SUinciSleV liVWed in Whe SXmmaU\: IniWial ManagemenW PUinciSleV VecWion in addiWion Wo
WheVe conVideUaWionV VSeciÀc Wo h\SoYolemic Vhock:

MaQagiQg DiVWUibXWiYe ShRck

IniWial managemenW of diVWUibXWiYe Vhock focXVeV on e[Sanding inWUaYaVcXlaU YolXme Wo coUUecW h\SoYolemia and Àll Whe
e[Sanded dilaWed YaVcXlaU VSace. UVe YaVoacWiYe agenWV if Whe child UemainV h\SoWenViYe oU SooUl\ SeUfXVed deVSiWe
UaSid bolXV ÁXid adminiVWUaWion oU if Whe diaVWolic SUeVVXUe UemainV loZ ZiWh a Zide SXlVe SUeVVXUe.

ThiV VecWion diVcXVVeV managing Whe folloZing W\SeV of diVWUibXWiYe Vhock:

CU\VWalloid-UefUacWoU\ h\SoWenVion oU SooU SeUfXVion
KnoZn VigniÀcanW blood loVV

IniWiaWe ÁXid UeVXVciWaWion aV TXickl\ aV SoVVible.

CoUUecW meWabolic deUangemenWV.
IdenWif\ Whe W\Se of YolXme loVV (hemoUUhagic oU nonhemoUUhagic) Wo deWeUmine beVW WUeaWmenW.
ConWUol an\ e[WeUnal hemoUUhage ZiWh diUecW SUeVVXUe; meaVXUe and UeSlace ongoing loVVeV (eg, conWinXed
nonhemoUUhagic loVVeV ZiWh diaUUhea).
ConVideU oWheU laboUaWoU\ VWXdieV:

² In all patients, UaSidl\ infXVe iVoWonic cU\VWalloid (noUmal Valine oU lacWaWed RingeU·V) in 20 mL/kg bolXVeV;
UeSeaW aV needed.

² In SaWienWV ZiWh cU\VWalloid-UefUacWoU\ hemoUUhagic Vhock, giYe a WUanVfXVion of PRBCV, 10 mL/kg.
² If loVV of SUoWein-conWaining ÁXidV iV docXmenWed oU VXVSecWed (loZ albXmin concenWUaWion), conVideU

adminiVWUaWion of colloid-conWaining ÁXidV if Whe child failV Wo UeVSond Wo cU\VWalloid UeVXVciWaWion.

² ComSleWe blood cell coXnW
² T\Se and cUoVVmaWch
² AUWeUial blood gaV ZiWh SaUWicXlaU aWWenWion Wo Whe baVe deÀciW
² ElecWUol\We Sanel Wo calcXlaWe anion gaS, glXcoVe, and ioni]ed calciXm
² SeUXm oU SlaVma lacWaWe concenWUaWion
² DiagnoVWic imaging Wo idenWif\ Whe VoXUce of bleeding oU YolXme loVV

SeSWic Vhock
AnaSh\lacWic Vhock



MaQagiQg SeSWic ShRck

The clinical, hemod\namic, and meWabolic changeV obVeUYed in VeSWic Vhock UeVXlW fUom Whe hoVW·V UeVSonVe Wo an
infecWion, inclXding Whe UeleaVe oU acWiYaWion of inÁammaWoU\ mediaWoUV. The SUimaU\ goalV in Whe iniWial managemenW of
VeSWic Vhock aUe

FXndamenWal SUinciSleV of managemenW inclXde incUeaVing WiVVXe O2 deliYeU\ b\ oSWimi]ing caUdiac oXWSXW and aUWeUial
O2 conWenW and minimi]ing O2 conVXmSWion.

IdenWif\ing VeSWic Vhock eaUl\ iV ke\ Wo iniWiaWing UeVXVciWaWion and SUeYenWing mXlWiV\VWem oUgan failXUe and caUdiac
aUUeVW fUom deYeloSing. Hemod\namic VXSSoUW Wo mainWain O2 deliYeU\ can UedXce SediaWUic moUbidiW\ and moUWaliW\
fUom VeSWic Vhock.

OYeUYLeZ RI PedLaWULc SeSWLc SKRcN AOJRULWKP

The Uecommended WUeaWmenW aSSUoach Wo UeVWoUe hemod\namic VWabiliW\ foU VeSWic Vhock in childUen iV SUeVenWed in
Whe PediaWUic SeSWic Shock AlgoUiWhm (FigXUe 41). IW oXWlineV 3 ShaVeV UeTXiUing UaSid UecogniWion,
VWabili]aWion/UeVXVciWaWion, and cUiWical caUe managemenW, aV folloZV:

Figure 41. Pediatric Septic
Shock Algorithm.

Once Vhock haV been effecWiYel\ WUeaWed, fXUWheU managemenW inclXdeV conWinXed moniWoUing and VXSSoUW of oUgan
fXncWion, WUeaWmenW of Whe VoXUce of Whe infecWion, and eYalXaWion of Whe child·V clinical coXUVe and WheUaS\.

Identify signs of septic shock (Step 1).

NeXUogenic Vhock

ReVWoUaWion of hemod\namic VWabiliW\
SXSSoUW of oUgan fXncWion
IdenWiÀcaWion and conWUol of infecWion

Early detection of signs of septic shock, Zhich ma\ inclXde alWeUaWion in menWal VWaWXV, heaUW UaWe, WemSeUaWXUe,
and SeUfXVion. NoWe WhaW V\VWolic oU diaVWolic h\SoWenVion ma\ oU ma\ noW be SUeVenW.
Initial stabili]ation/resuscitation:
² WiWhin 10 Wo 15 minXWeV afWeU Uecogni]ing VignV of Vhock, moniWoU and VXSSoUW aiUZa\, o[\genaWion, and

ciUcXlaWion, moniWoU heaUW UaWe and SXlVe o[imeWU\, and eVWabliVh YaVcXlaU acceVV (IV/O). IniWiaWe ÁXid
UeVXVciWaWion and giYe 10-20 mL/kg of iVoWonic cU\VWalloid bolXV oYeU 5 Wo 20 minXWeV.

² ReaVVeVV child dXUing and afWeU each ÁXid bolXV. SWoS UaSid ÁXid bolXV adminiVWUaWion if UaleV, UeVSiUaWoU\
diVWUeVV, oU heSaWomegal\ deYeloSV. If addiWional bolXVeV aUe needed Wo WUeaW Vhock, iW ma\ be neceVVaU\ Wo
adminiVWeU VmalleU bolXVeV oYeU longeU inWeUYalV.

² WiWhin Whe ÀUVW hoXU afWeU onVeW of Vhock, adminiVWeU anWibioWicV, giYe ÁXid bolXVeV (UeSeaWing, aV needed, Wo
coUUecW Vhock), and iniWiaWe YaVoacWiYe dUXg WheUaS\ if Vhock SeUViVWV deVSiWe adminiVWUaWion of ÁXid bolXVeV.

² CUiWical caUe: If VignV of Vhock SeUViVW, cUiWical caUe e[SeUWiVe iV needed Wo eVWabliVh hemod\namic moniWoUing,
conWinXe iniWial YaVoacWiYe dUXg WheUaS\, and WiWUaWe addiWional dUXg WheUaS\, aV needed, Wo WUeaW Vhock.

AlWeUed menWal VWaWXV
AlWeUed heaUW UaWe
AlWeUed WemSeUaWXUe
AlWeUed SeUfXVion
H\SoWenVion



Initial stabili]ation/resuscitation for septic shock (Step 2)

AdeTXaWe WUeaWmenW dXUing Whe ÀUVW hoXU afWeU Whe onVeW of V\mSWomV iV cUiWical Wo ma[imi]e VXUYiYal foU a child in
VeSWic Vhock. ImmediaWe (10-15 minXWeV) comSonenWV of managemenW of VeSWic Vhock aUe

Within the Àrst hour (Step 3)

Do signs of shock persist? (Step 4)

If signs of shock do not persist, consider critical care consultation (Step 5).

If signs of shock persist, go to Step 6:

Critical care therapies (Step 7)

RaSid, aSSUoSUiaWe ÁXid bolXV adminiVWUaWion iV a SUioUiW\. InadeTXaWe inWUaYaVcXlaU YolXme UaSidl\ leadV Wo loZ VWUoke
YolXme and h\SoWenVion. A child in VeSWic Vhock ofWen UeTXiUeV a laUge YolXme of ÁXid Wo UeVWoUe SeUfXVion. IW ma\ be
neceVVaU\ Wo UaSidl\ infXVe 10 Wo 20 mL/kg of iVoWonic cU\VWalloid VolXWion (XS Wo 40-60 mL/kg WoWal). TiWUaWe Whe YolXme
and UaWe of ÁXid adminiVWUaWion dXUing and afWeU each bolXV b\ aVVeVVing Whe child·V menWal VWaWXV, heaUW UaWe,
WemSeUaWXUe, blood SUeVVXUe, and oUgan SeUfXVion (inclXding SUeVence and TXaliW\ of SeUiSheUal SXlVeV, caSillaU\ UeÀll,
Vkin WemSeUaWXUe and coloU, and XUine oXWSXW).

The VSiUiW of Whe UecommendaWionV aboXW ÁXid WheUaS\ foU WUeaWing VeSWic Vhock iV a conWinXed emShaViV on ÁXid
UeVXVciWaWion foU boWh comSenVaWed (deWecWed b\ Sh\Vical e[aminaWion) and decomSenVaWed (h\SoWenViYe) VeSWic
Vhock. MoUeoYeU, emShaViV iV alVo Slaced on Whe XVe of indiYidXali]ed SaWienW eYalXaWion befoUe Whe adminiVWUaWion of
IV ÁXid bolXVeV, inclXding Sh\Vical e[aminaWion b\ a clinician and fUeTXenW UeaVVeVVmenW Wo deWeUmine Whe aSSUoSUiaWe
YolXme of ÁXid UeVXVciWaWion. The clinician VhoXld alVo inWegUaWe clinical VignV ZiWh SaWienW and localiW\-VSeciÀc
infoUmaWion aboXW SUeYalenW diVeaVeV, YXlneUabiliWieV (VXch aV VeYeUe anemia and malnXWUiWion), and aYailable cUiWical
caUe UeVoXUceV.

When caUing foU childUen ZiWh VeYeUe febUile illneVV (VXch aV WhoVe inclXded in Whe FEAST WUial) in VeWWingV ZiWh limiWed
acceVV Wo cUiWical caUe UeVoXUceV (ie, mechanical YenWilaWion and inoWUoSic VXSSoUW), XVe e[WUeme caXWion Zhen
adminiVWeUing bolXV inWUaYenoXV ÁXidV becaXVe iW ma\ be haUmfXl (UefeU Wo MaiWland eW al. N Engl J Med.
2011;364[26]:2483-2495 foU deWailV).

The oWheU VcenaUio in Zhich \oX VhoXld e[eUciVe caXWion ZiWh ÁXid bolXVeV iV in SaWienWV ZiWh eYidence of ÁXid
oYeUload. SignV and V\mSWomV of ÁXid oYeUload inclXde heSaWomegal\ aV Zell aV incUeaVed UeVSiUaWoU\ diVWUeVV and
SXlmonaU\ edema, VXch aV UaleV/cUackleV, Zhich ma\ UeVXlW fUom incUeaVed YaVcXlaU SeUmeabiliW\. If VXch VignV
deYeloS, VWoS UaSid bolXV ÁXid adminiVWUaWion. The child UeTXiUeV VXSSlemenWal O2 and ma\ UeTXiUe endoWUacheal
inWXbaWion and mechanical YenWilaWion ZiWh SoViWiYe end-e[SiUaWoU\ SUeVVXUe. If addiWional ÁXid bolXVeV aUe needed,
giYe VmalleU YolXmeV moUe VloZl\ (eg, 5-10 mL/kg oYeU 10-20 minXWeV).

PXlmonaU\ edema ma\ alVo deYeloS ZiWh caUdiogenic Vhock, Zhich ofWen manifeVWV becaXVe of heSaWomegal\,
caUdiomegal\, and SooU m\ocaUdial conWUacWiliW\. In boWh inVWanceV, \oX ma\ need Wo UedXce Whe YolXme and UaWe of

SXSSoUW adeTXaWe aiUZa\, bUeaWhing, and ciUcXlaWion.
MoniWoU heaUW UaWe, blood SUeVVXUe, and SXlVe o[imeWU\.
² EVWabliVh IV/IO acceVV.
² GiYe bolXVeV of 10 Wo 20 mL/kg (10 mL/kg foU neonaWeV and WhoVe ZiWh SUee[iVWing heaUW diVeaVe) of iVoWonic

cU\VWalloid.

DUaZ labV (if SoVVible, dUaZ a blood VamSle foU cXlWXUe befoUe anWibioWic adminiVWUaWion, bXW do noW dela\
anWibioWicV).
AdminiVWeU anWibioWicV ZiWhin 1 hoXU afWeU ÀUVW medical conWacW.
AVVeVV caUefXll\ afWeU each ÁXid bolXV; VWoS ÁXid bolXVeV if UaleV, UeVSiUaWoU\ diVWUeVV, oU heSaWomegal\ deYeloSV.
GiYe anWiS\UeWicV if needed.

ObWain cUiWical caUe conVXlWaWion.
IniWiaWe and WiWUaWe eSineShUine oU noUeSineShUine.

EVWabliVh cenWUal YenoXV and inWUa-aUWeUial SUeVVXUe moniWoUing.
ConWinXe eSineShUine/noUeSineShUine, and ÁXid bolXV WheUaS\ aV needed Wo WUeaW Vhock.
VeUif\ adeTXaWe aiUZa\, o[\genaWion, and YenWilaWion.
ConVideU VWUeVV-doVe h\dUocoUWiVone if hemod\namicV Uemain inadeTXaWe deVSiWe adeTXaWe ÁXid UeVXVciWaWion and
YaVoacWiYe dUXg WheUaS\.



ÁXid adminiVWUaWion.

DUaZ blood VamSleV foU blood cXlWXUe. AdminiVWeU Whe ÀUVW doVe of bUoad-VSecWUXm anWibioWicV ZiWhin 1 hoXU afWeU ÀUVW
medical conWacW. Do noW dela\ anWimicUobial WheUaS\ Wo ZaiW foU blood cXlWXUeV oU Wo SeUfoUm oWheU diagnoVWic
aVVeVVmenWV VXch aV lXmbaU SXncWXUe.

AnWiciSaWe Whe SoVVible need foU YaVoSUeVVoUV and VWUeVV-doVe h\dUocoUWiVone. OUdeU WheVe dUXgV fUom Whe ShaUmac\
eaUl\ Vo WhaW Whe\ Zill be aW Whe bedVide. The\ VhoXld be immediaWel\ aYailable if Whe Vhock iV ÁXid UefUacWoU\ oU if
adUenal inVXfÀcienc\ iV VXVSecWed. VaVoSUeVVoUV can be adminiVWeUed Yia SeUiSheUal YenoXV oU IO acceVV, Vo iniWiaWion
of YaVoSUeVVoU WheUaS\ VhoXld noW aZaiW WUanVfeU Wo a cUiWical caUe XniW. BecaXVe dela\ing iniWiaWion of YaVoacWiYe
VXSSoUW haV been aVVociaWed ZiWh incUeaVed lengWh of VWa\ and moUWaliW\ in SediaWUic VeSWic Vhock, iW iV imSoUWanW Wo
begin YaVoacWiYe dUXg WheUaS\ ZiWhin Whe ÀUVW hoXU if Vhock SeUViVWV deVSiWe bolXV ÁXid adminiVWUaWion.

IdenWif\ and coUUecW meWabolic deUangemenWV immediaWel\. H\Sogl\cemia and ioni]ed h\Socalcemia aUe commonl\
Veen in VeSWic Vhock and ma\ conWUibXWe Wo m\ocaUdial d\VfXncWion.

UVe diagnoVWic aVVeVVmenWV (eg, lacWaWe concenWUaWion, baVe deÀciW, ScYO2, echocaUdiogUam, SoinW-of-caUe XlWUaVoXnd
Wo idenWif\ Whe VeYeUiW\ of Vhock and moniWoU Whe UeVSonVe Wo ÁXid WheUaS\.

MaQaJLQJ FOXLd-ReIUacWRU\ SeSWLc SKRcN

VaVoacWiYe medicaWionV aUe aSSUoSUiaWe Wo iniWiaWe afWeU 40 Wo 60 mL/kg of ÁXid haV been adminiVWeUed and Whe SaWienW
conWinXeV Wo haYe VignV/V\mSWomV of comSUomiVed SeUfXVion. VaVoacWiYe medicaWionV ma\ be aSSUoSUiaWe Wo
adminiVWeU befoUe WhiV ÁXid WhUeVhold if WheUe iV eYidence of oU conceUn aboXW ÁXid oYeUload (eg, UaleV, heSaWomegal\).

AfWeU iniWial VWabili]aWion/UeVXVciWaWion, inclXding adminiVWUaWion of anWibioWicV, ÁXid bolXVeV, and YaVoacWiYe WheUaS\
ZiWhin Whe ÀUVW hoXU of caUe, eYalXaWe heaUW UaWe, blood SUeVVXUe, and SeUiSheUal SeUfXVion Wo deWeUmine Whe ne[W
inWeUYenWion. If heaUW UaWe, blood SUeVVXUe, and SeUfXVion aUe UeWXUning Wo noUmal, aUUange admiVVion oU WUanVfeU Wo an
aSSUoSUiaWe SediaWUic faciliW\. IniWiaWe conVXlWaWion ZiWh a SediaWUic cUiWical caUe XniW oU WUanVSoUW Weam. If Whe child
UemainV h\SoWenViYe oU SooUl\ SeUfXVed, SUoceed Wo Whe ne[W leYel in Whe algoUiWhm. ConWinXe ÁXid and YaVoacWiYe
WheUaS\ Zhile SUeSaUing foU admiVVion oU WUanVfeU.

CULWLcaO CaUe RI SeSWLc SKRcN

Once cUiWical caUe e[SeUWiVe iV aYailable foU Whe child ZiWh SeUViVWenW Vhock deVSiWe iniWial ÁXid bolXV and YaVoacWiYe
dUXg WheUaS\, addiWional hemod\namic moniWoUing can be eVWabliVhed and addiWional YaVoacWiYe dUXgV and ÁXid
bolXVeV can be SUoYided.

AdminiVWeU YaVoacWiYe WheUaS\ Wo imSUoYe WiVVXe SeUfXVion and blood SUeVVXUe.
EiWheU eSineShUine oU noUeSineShUine aUe aSSUoSUiaWe aV Whe ÀUVW YaVoacWiYe agenW being iniWiaWed; WheUe iV no
eYidence Wo VXSSoUW one oYeU Whe oWheU baVed on Whe SaWienW being in cold Vhock YV ZaUm Vhock.
DeVSiWe Whe lack of eYidence, Whe majoUiW\ of Whe e[SeUW aXWhoUV of Whe 2020 SXUYiYing SeSViV CamSaign
InWeUnaWional GXidelineV SUefeUUed eSineShUine aV Whe iniWial YaVoacWiYe agenW in SaWienWV ZiWh loZ caUdiac oXWSXW,
m\ocaUdial d\VfXncWion, oU boWh. FoU SaWienWV in VeSWic Vhock ZiWh loZ SVR, noUeSineShUine ZaV Whe iniWial
YaVoacWiYe agenW of choice among WhiV Sanel of e[SeUWV.
BoWh eSineShUine and noUeSineShUine aUe SUefeUable Wo doSamine in SediaWUic VeSWic Vhock.
If Whe SaWienW conWinXeV ZiWh h\SoWenVion, inadeTXaWe SeUfXVion, oU boWh, deVSiWe high-doVe caWecholamine
infXVion(V), conVideU iniWiaWing a YaVoSUeVVin infXVion.
T\Sicall\, eSineShUine iV adminiVWeUed Wo Whe child Zho haV ÁXid-UefUacWoU\ VeSWic Vhock and cold e[WUemiWieV.
AdminiVWeU addiWional ÁXid bolXVeV of 10 Wo 20 mL/kg iVoWonic cU\VWalloid aV deemed clinicall\ aSSUoSUiaWe on Whe
baViV of Whe SaWienW·V clinical aVVeVVmenW.
ConVideU endoWUacheal inWXbaWion and eaUl\ aVViVWed YenWilaWion ZiWh VXSSlemenWal O2 and SoViWiYe end-e[SiUaWoU\
SUeVVXUe aV needed.

EVWabliVh cenWUal YenoXV and inWUa-aUWeUial SUeVVXUe moniWoUing.
AVVeVV Whe child·V heaUW UaWe, blood SUeVVXUe, and SeUfXVion and conVideU adYanced hemod\namic moniWoUing,
inclXding inYaViYe aUWeUial blood SUeVVXUe moniWoUing, cenWUal YenoXV SUeVVXUe moniWoUing, and cenWUal YenoXV
o[\gen VaWXUaWion.
Anal\]e laboUaWoU\ daWa (eg, VeUXm glXcoVe, calciXm, lacWaWe).
ConWinXe eSineShUine/noUeSineShUine and add addiWional YaVoacWiYe dUXgV aV needed.
PUoYide ÁXid bolXVeV aV needed Wo WUeaW Vhock; aVVeVV Whe child fUeTXenWl\ and afWeU each ÁXid bolXV.



IW iV noW alZa\V cleaU fUom Whe Sh\Vical e[aminaWion ZheWheU a child haV YaVodilaWion oU YaVoconVWUicWion. FoU e[amSle,
Vome childUen ZiWh cool e[WUemiWieV ma\ haYe YaVodilaWion bXW be SooUl\ SeUfXVed becaXVe of loZ VWUoke YolXme and
SooU caUdiac fXncWion. The UeaVonV foU VSeciÀc dUXg VelecWion accoUding Wo W\Se of Vhock aUe deVcUibed laWeU in WhiV
manXal.

While managing VeSWic Vhock, iW iV imSoUWanW Wo VXSSoUW oUgan fXncWion, VeUXm elecWUol\WeV, acid-baVe balance, and
lacWaWe, glXcoVe, and calciXm concenWUaWionV. In WiWUaWing dUXg and ÁXid WheUaS\, goalV of caUe aUe Wo imSUoYe Whe child·V
lacWaWe, blood SUeVVXUe, and oUgan SeUfXVion.

CRUUecWLRQ RI AdUeQaO IQVXIÀcLeQc\

A child in VeSWic Vhock ZiWh ÁXid-UefUacWoU\ and eSineShUine- oU noUeSineShUine-UeViVWanW Vhock ma\ haYe adUenal
inVXfÀcienc\. If \oX VXVSecW adUenal inVXfÀcienc\, oU a SaWienW iV aW knoZn UiVk foU adUenal inVXfÀcienc\ (ie, hiVWoU\ of
VWeUoid XVe), giYe h\dUocoUWiVone 1 Wo 2 mg/kg IV bolXV eaUl\. If SoVVible, obWain a baVeline coUWiVol concenWUaWion
befoUe adminiVWUaWion, and obWain e[SeUW conVXlWaWion foU an\ addiWional eYalXaWion and managemenW.

TKeUaSeXWLc EQd PRLQWV

TiWUaWe YaVoacWiYe agenWV in VeSWic Vhock Wo WheUaSeXWic end SoinWV, inclXding

SWUicW adheUence Wo end SoinWV iV Uecommended Wo aYoid e[ceVViYe YaVoconVWUicWion in ke\ oUganV.

PRVWVWabLOL]aWLRQ CaUe

Once VignV of Vhock aUe UeVolYed, Whe child UeTXiUeV conWinXed moniWoUing and VXSSoUW of oUgan fXncWion. The VoXUce
infecWion mXVW be WUeaWed aSSUoSUiaWel\. In addiWion, Whe healWhcaUe Weam VhoXld eYalXaWe Whe caXVe of Whe infecWion Wo
deWeUmine if iW coXld haYe been SUeYenWed (and hoZ) and Whe VSeed of Whe UecogniWion of Whe VeSWic Vhock (coXld iW
haYe been imSUoYed), and idenWif\ an\ SoWenWial imSUoYemenWV WhaW coXld be made Wo incUeaVe Whe efÀcienc\ and
effecWiYeneVV of Vhock UeVXVciWaWion foU fXWXUe SaWienWV ZiWh VeSWic Vhock.

MaQagiQg AQaSh\lacWic ShRck

Managing anaSh\lacWic Vhock focXVeV on WUeaWing life-WhUeaWening caUdioSXlmonaU\ SUoblemV and UeYeUVing oU
blocking Whe mediaWoUV UeleaVed aV SaUW of Whe XnconWUolled alleUgic UeVSonVe. PUimaU\ WheUaS\ iV adminiVWUaWion of
eSineShUine Wo UeYeUVe Whe effecWV of hiVWamine and oWheU alleUgic mediaWoUV. The eSineShUine doVe ma\ be UeSeaWed if
needed. Angioedema (WiVVXe VZelling UeVXlWing fUom a maUked incUeaVe in caSillaU\ SeUmeabiliW\) ma\ UeVXlW in
comSleWe XSSeU aiUZa\ obVWUXcWion, Vo SUoYideUV VhoXld anWiciSaWe Whe need foU YeU\ eaUl\ aiUZa\ inWeUYenWion ZiWh
aVViVWed YenWilaWion and inWXbaWion. The eSineShUine ma\ SUeYenW oU UeYeUVe h\SoWenVion, and ÁXid UeVXVciWaWion ma\
alVo be effecWiYe in UeVWoUing blood SUeVVXUe and VXSSoUWing effecWiYe SeUfXVion.

SSecLÀc TUeaWPeQW CRQVLdeUaWLRQV

ConVideU Whe iniWial geneUal managemenW of Vhock oXWlined in Whe SXmmaU\: IniWial ManagemenW PUinciSleV VecWion in
addiWion Wo Whe folloZing VSeciÀc WUeaWmenWV foU anaSh\lacWic Vhock:

ConVideU VWUeVV-doVe h\dUocoUWiVone (SaUWicXlaUl\ if Whe child haV been on chUonic V\VWemic VWeUoidV). CoUWiVol
leYelV aUe noW UoXWinel\ indicaWed oU Uecommended.

ImSUoYing lacWaWe concenWUaWion
NoUmali]ed heaUW UaWe (declining fUom YeU\ UaSid UaWe WoZaUd noUmal)
AdeTXaWe blood SUeVVXUe
Good diVWal SXlVeV and SeUfXVion ZiWh caSillaU\ UeÀll 2 VecondV oU leVV
ImSUoYed leYel of conVcioXVneVV/UeVSonViYeneVV
ASSUoSUiaWe XUine oXWSXW

Place Whe SaWienW VXSine, adminiVWeU o[\gen, and mainWain aiUZa\.
ESineShUine: ÀUVW-line WUeaWmenW

AdminiVWeU iVoWonic cU\VWalloid ÁXid bolXVeV aV needed Wo VXSSoUW ciUcXlaWion.
AlbXWeUol

² IM eSineShUine oU eSineShUine b\ aXWoinjecWoU (SediaWUic oU adXlW, deSending on Whe child·V Vi]e) iV Whe moVW
imSoUWanW agenW foU Whe WUeaWmenW of anaSh\la[iV.

² A Vecond doVe oU an eSineShUine infXVion ma\ be needed afWeU 10-15 minXWeV in VeYeUe anaSh\la[iV,
fUeTXenWl\ a loZ-doVe infXVion (<0.05 mcg/kg SeU minXWe) iV effecWiYe.



AdMXQcW TUeaWPeQWV

ObVeUYaWion iV indicaWed foU idenWiÀcaWion and WUeaWmenW of laWe-ShaVe V\mSWomV. LaWe-ShaVe V\mSWomV ma\ occXU in
25% Wo 30% of childUen VeYeUal hoXUV afWeU acXWe-ShaVe V\mSWomV. The likelihood of laWe-ShaVe V\mSWomV incUeaVeV
in SUoSoUWion Wo Whe VeYeUiW\ of acXWe-ShaVe V\mSWomV.

MaQagiQg NeXURgeQic ShRck

ChildUen ZiWh neXUogenic Vhock W\Sicall\ SUeVenW ZiWh h\SoWenVion, bUad\caUdia, and VomeWimeV h\SoWheUmia. Minimal
UeVSonVe Wo ÁXid UeVXVciWaWion iV commonl\ obVeUYed. Blood SUeVVXUe iV chaUacWeUi]ed b\ a loZ diaVWolic blood
SUeVVXUe ZiWh a Zide SXlVe SUeVVXUe becaXVe of loVV of YaVcXlaU Wone. ChildUen ZiWh VSinal Vhock ma\ be moUe
VenViWiYe Wo YaUiaWionV in ambienW WemSeUaWXUe and ma\ UeTXiUe VXSSlemenWal ZaUming oU cooling.

SSecLÀc TUeaWPeQW CRQVLdeUaWLRQV

The iniWial managemenW SUinciSleV foU Vhock oXWlined in Whe SXmmaU\: IniWial ManagemenW PUinciSleV VecWion ma\ be
conVideUed in addiWion Wo Whe folloZing VSeciÀc WUeaWmenWV foU neXUogenic Vhock:

MaQagiQg CaUdiRgeQic ShRck

CaUdiogenic Vhock iV a condiWion of inadeTXaWe WiVVXe SeUfXVion WhaW UeVXlWV fUom m\ocaUdial d\VfXncWion. IniWiall\,
caUdiogenic Vhock ma\ UeVemble h\SoYolemic Vhock, Vo idenWif\ing a caUdiogenic eWiolog\ ma\ be difÀcXlW. If \oX
VXVSecW caUdiogenic Vhock, conVideU a VloZ adminiVWUaWion (10-20 minXWeV) of a UelaWiYel\ Vmall ÁXid bolXV (ie, 5-10
mL/kg) Zhile caUefXll\ moniWoUing Whe child foU UeVSonVe. CaUdiogenic Vhock iV SUobabl\ SUeVenW if Whe child doeV noW
imSUoYe, Whe child·V UeVSiUaWoU\ fXncWion deWeUioUaWeV, oU Whe child deYeloSV VignV of SXlmonaU\ edema. EYidence of
YenoXV congeVWion (eg, eleYaWed cenWUal YenoXV SUeVVXUe, diVWended jXgXlaU YeinV, oU heSaWomegal\) and
caUdiomegal\ (on cheVW [-Ua\) aUe alVo VXggeVWiYe of a caUdiac eWiolog\ of Vhock.

MaLQ ObMecWLYeV

A main objecWiYe in managing caUdiogenic Vhock iV Wo imSUoYe Whe effecWiYeneVV of caUdiac fXncWion and caUdiac oXWSXW
b\ incUeaVing Whe efÀcienc\ of YenWUicXlaU ejecWion. AnoWheU main objecWiYe iV Wo minimi]e meWabolic demand.

Man\ childUen ZiWh caUdiogenic Vhock haYe high SUeload and do noW UeTXiUe addiWional ÁXid WheUaS\. OWheUV ma\
UeTXiUe a caXWioXV ÁXid bolXV Wo incUeaVe SUeload. The moVW effecWiYe Za\ Wo incUeaVe VWUoke YolXme in WheVe SaWienWV
iV Wo UedXce afWeUload (SVR) UaWheU Whan giYe an inoWUoSic agenW. InoWUoSeV ma\ incUeaVe caUdiac conWUacWiliW\ bXW Zill
alVo incUeaVe m\ocaUdial O2 demand. HoZeYeU, childUen Zho aUe alUead\ h\SoWenViYe ma\ UeTXiUe ÁXid WheUaS\ and
inoWUoSic VXSSoUW befoUe Whe\ Zill WoleUaWe afWeUload UedXcWion. SSeciÀc managemenW inclXdeV

ConVXlW a SediaWUic cUiWical caUe oU SediaWUic caUdiolog\ VSecialiVW aW Whe eaUlieVW oSSoUWXniW\. ThiV Zill helS Wo eVWabliVh a
diagnoViV (eg, echocaUdiogUam), gXide ongoing WheUaS\, and faciliWaWe diUecW WUanVfeU Wo deÀniWiYe caUe.

CaXWLRXV FOXLd AdPLQLVWUaWLRQ aQd MRQLWRULQJ

² AdminiVWeU albXWeUol aV needed foU bUonchoVSaVm b\ meWeUed doVe inhaleU, inWeUmiWWenW nebXli]eU, oU
conWinXoXV nebXli]eU.

AnWihiVWamineV

CoUWicoVWeUoidV

² H1 blockeU (ie, diShenh\dUamine)
² ConVideU an H2 blockeU (eg, famoWidine)

² MeWh\lSUedniVolone oU eTXiYalenW coUWicoVWeUoid

PoViWion Whe child ÁaW oU head doZn Wo imSUoYe YenoXV UeWXUn.
AdminiVWeU a WUial of ÁXid WheUaS\ (iVoWonic cU\VWalloid) and aVVeVV UeVSonVe.
For Áuid-refractor\ h\potension, XVe YaVoSUeVVoUV (eg, noUeSineShUine, eSineShUine) aV indicaWed.
PUoYide VXSSlemenWal ZaUming oU cooling aV needed.

CaXWioXV ÁXid adminiVWUaWion and moniWoUing
LaboUaWoU\ and oWheU diagnoVWic VWXdieV
MedicaWionV
Mechanical ciUcXlaWoU\ VXSSoUW



LaUge heaUW Vi]e on Whe cheVW [-Ua\ in a child ZiWh eYidence of Vhock and SooU caUdiac oXWSXW iV Whe hallmaUk of
caUdiogenic Vhock ZiWh adeTXaWe inWUaYaVcXlaU YolXme. ObWain an echocaUdiogUam foU moUe objecWiYe and accXUaWe
daWa aboXW SUeload and caUdiac fXncWion.

Do noW giYe laUge oU UaSid ÁXid bolXVeV Wo a child ZiWh caUdiogenic Vhock. The bolXVeV can ZoUVen heaUW fXncWion and
incUeaVe ÁXid in Whe lXngV. If objecWiYe daWa oU Whe child·V hiVWoU\ (eg, YomiWing and SooU inWake) aUe conViVWenW ZiWh
inadeTXaWe SUeload, \oX ma\ giYe a Vmall ÁXid bolXV caXWioXVl\. RemembeU Whe folloZing:

GiYe VXSSlemenWal O2. Be SUeSaUed Wo SUoYide aVViVWed YenWilaWion. NoninYaViYe SoViWiYe SUeVVXUe VXSSoUW ma\ UedXce
Whe need foU mechanical YenWilaWion b\ decUeaVing Whe ZoUk of bUeaWhing and imSUoYing o[\genaWion.

ConVideU eVWabliVhing cenWUal YenoXV acceVV Wo faciliWaWe meaVXUemenW of cenWUal YenoXV SUeVVXUe aV an inde[ of
SUeload VWaWXV and Wo aVVeVV UighW YenWUicXlaU end-diaVWolic SUeVVXUe and Wo SUoYide acceVV foU mXlWiSle infXVionV.
CenWUal YenoXV acceVV alVo alloZV moniWoUing of ScYO2 aV an objecWiYe meaVXUemenW of Whe adeTXac\ of O2 deliYeU\
UelaWiYe Wo meWabolic demand. InYaViYe moniWoUing ZiWh a SXlmonaU\ aUWeU\ caWheWeU, an oSWion in Whe SediaWUic inWenViYe
caUe XniW, iV noW cUiWical Wo diagnoVing caUdiogenic Vhock.

LabRUaWRU\ aQd OWKeU DLaJQRVWLc SWXdLeV

ObWain laboUaWoU\ VWXdieV Wo aVVeVV Whe imSacW of Vhock on end-oUgan fXncWion. No Vingle laboUaWoU\ VWXd\ iV
comSleWel\ VenViWiYe oU VSeciÀc foU caUdiogenic Vhock. ASSUoSUiaWe VWXdieV ofWen inclXde

OWheU XVefXl VWXdieV inclXde Whe folloZing:

MedLcaWLRQV

If Whe child iV noUmoWenViYe, medicaWion WheUaS\ conViVWV of diXUeWicV and YaVodilaWoUV oU inodilaWoUV. DiXUeWicV aUe
indicaWed Zhen Whe child haV eYidence of SXlmonaU\ edema oU V\VWemic YenoXV congeVWion. VaVodilaWoUV and
inodilaWoUV aUe W\Sicall\ giYen b\ conWinXoXV infXVion.

ChildUen ZiWh caUdiogenic Vhock ma\ UeTXiUe medicaWionV Wo incUeaVe caUdiac oXWSXW b\ imSUoYing conWUacWiliW\. MoVW
alVo UeTXiUe agenWV Wo UedXce SeUiSheUal YaVcXlaU UeViVWance. ThiV inclXdeV YaVodilaWoUV, inoWUoSeV, and
ShoVShodieVWeUaVe en]\me inhibiWoUV (ie, inodilaWoUV). MilUinone iV Whe SUefeUUed dUXg in man\ cenWeUV. FoU a deWailed
diVcXVVion of WheVe agenWV, UefeU Wo MedicaWion TheUaS\ in in WhiV PaUW.

IncUeaVed meWabolic demand, SaUWicXlaUl\ incUeaVed m\ocaUdial O2 demand, Sla\V a Uole in Whe YicioXV c\cle of
caUdiogenic Vhock. RedXcing meWabolic demand iV a cUiWical comSonenW in managing caUdiogenic Vhock. UVe
YenWilaWoU\ VXSSoUW and anWiS\UeWicV Wo UedXce meWabolic demand. AnalgeVicV and VedaWiYeV UedXce O2 conVXmSWion
bXW alVo UedXce Whe endogenoXV VWUeVV UeVSonVe WhaW iV helSing UediVWUibXWe blood ÁoZ Wo comSenVaWe foU loZ caUdiac
oXWSXW. GiYe WheVe agenWV in Vmall doVeV. MoniWoU Whe child caUefXll\ foU eYidence of SoWenWial UeVSiUaWoU\ deSUeVVion oU
h\SoWenVion.

MecKaQLcaO CLUcXOaWRU\ SXSSRUW

GiYe Vmall iVoWonic ÁXid bolXVeV (5-10 mL/kg)
GiYe ÁXid bolXVeV oYeU UelaWiYel\ longeU SeUiodV of Wime (eg, 10-20 minXWeV inVWead of 5-10 minXWeV)
MoniWoU Whe child cloVel\ dXUing ÁXid infXVion
² AVVeVV foU UeVSiUaWoU\ fXncWion fUeTXenWl\
² WaWch foU deYeloSmenW of SXlmonaU\ edema and deWeUioUaWion in SXlmonaU\ fXncWion

An aUWeUial blood gaV Wo deWeUmine Whe magniWXde of meWabolic acidoViV and adeTXac\ of o[\genaWion and
YenWilaWion
Hemoglobin concenWUaWion Wo enVXUe WhaW O2-caUU\ing caSaciW\ iV adeTXaWe
LacWaWe concenWUaWion and ScYO2 aV indicaWoUV of Whe adeTXac\ of O2 deliYeU\ UelaWiYe Wo meWabolic demand
CaUdiac en]\meV (eg, cUeaWine kinaVe, m\ocaUdial, WUoSonin) and Wh\Uoid fXncWion WeVWV

CheVW [-Ua\: SUoYideV infoUmaWion aboXW caUdiac Vi]e, SXlmonaU\ YaVcXlaU maUkingV, SXlmonaU\ edema, and
coe[iVWenW SXlmonaU\ SaWholog\
ElecWUocaUdiogUam: ma\ deWecW aUUh\Whmia, m\ocaUdial injXU\, iVchemic heaUW diVeaVe, oU eYidence of dUXg Wo[iciW\
EchocaUdiogUam: ma\ be diagnoVWic, UeYealing congeniWal heaUW diVeaVe, akineWic oU d\VkineWic YenWUicXlaU Zall
moWion oU YalYXlaU d\VfXncWion; alVo SUoYideV objecWiYe meaVXUemenW of YenWUicXlaU chambeU YolXme (ie, SUeload)
and fXncWion



ChildUen ZiWh caUdiogenic Vhock Zho do noW UeVSond Wo medical managemenW ma\ beneÀW fUom mechanical ciUcXlaWoU\
VXSSoUW if Whe caXVe of Vhock iV SoWenWiall\ UeYeUVible. E[WUacoUSoUeal life VXSSoUW can SUoYide WemSoUaU\ mainWenance
of caUdiac oXWSXW, o[\genaWion, and YenWilaWion Zhile Whe XndeUl\ing caXVe of caUdioSXlmonaU\ failXUe iV WUeaWed. FoUmV
of e[WUacoUSoUeal life VXSSoUW inclXde e[WUacoUSoUeal membUane o[\genaWion and YenWUicXlaU aVViVW deYiceV. One
VSeciÀc eWiolog\ of caUdiogenic Vhock foU Zhich e[WUacoUSoUeal membUane o[\genaWion ma\ be conVideUed iV acXWe
fXlminanW m\ocaUdiWiV ZiWh high UiVk of imminenW caUdiac aUUeVW. E[WUacoUSoUeal life VXSSoUW iV XVXall\ aYailable onl\ in
WeUWiaU\ SediaWUic cenWeUV WhaW haYe Whe UeVoXUceV and e[SeUWiVe Wo manage childUen ZiWh acXWe caUdioSXlmonaU\
failXUe.

SSecLÀc TUeaWPeQW CRQVLdeUaWLRQV

FolloZ Whe iniWial managemenW SUinciSleV foU Vhock oXWlined in Whe SXmmaU\: IniWial ManagemenW PUinciSleV VecWion in
addiWion Wo Whe folloZing conVideUaWionV VSeciÀc Wo caUdiogenic Vhock:

MaQagiQg ObVWUXcWiYe ShRck

Managing obVWUXcWiYe Vhock iV VSeciÀc Wo Whe W\Se of obVWUXcWion. ThiV VecWion diVcXVVeV managing

MaLQ ObMecWLYeV

The eaUl\ clinical SUeVenWaWion of obVWUXcWiYe Vhock ma\ UeVemble h\SoYolemic Vhock. A UeaVonable iniWial aSSUoach
ma\ inclXde adminiVWeUing a ÁXid challenge (10-20 mL/kg iVoWonic cU\VWalloid). BecaXVe childUen ZiWh obVWUXcWiYe
Vhock can UaSidl\ SUogUeVV Wo caUdioSXlmonaU\ failXUe and When caUdiac aUUeVW, immediaWel\ idenWif\ing obVWUXcWiYe
Vhock b\ XVing Whe VecondaU\ aVVeVVmenW and diagnoVWic aVVeVVmenWV iV cUiWical Wo effecWiYe WUeaWmenW. The main
objecWiYeV in managing obVWUXcWiYe Vhock aUe Wo coUUecW Whe caXVe of caUdiac oXWSXW obVWUXcWion and UeVWoUe WiVVXe
SeUfXVion.

GeQeUaO MaQaJePeQW PULQcLSOeV

In addiWion Wo conVideUaWionV VSeciÀc Wo Whe eWiolog\ of Whe obVWUXcWion, folloZ Whe iniWial managemenW SUinciSleV
oXWlined in Whe VecWion FXndamenWalV of Shock ManagemenW.

SpeciÀc Management of Cardiac Tamponade

CaUdiac WamSonade iV caXVed b\ accXmXlaWing ÁXid, blood, oU aiU in Whe SeUicaUdial VSace, limiWing V\VWemic YenoXV
UeWXUn, imSaiUing YenWUicXlaU Àlling, and UedXcing caUdiac oXWSXW. FaYoUable oXWcome UeTXiUeV UaSidl\ idenWif\ing and
immediaWel\ WUeaWing WamSonade. ChildUen ZiWh caUdiac WamSonade ma\ imSUoYe WemSoUaUil\ ZiWh ÁXid adminiVWUaWion
Wo aXgmenW caUdiac oXWSXW and WiVVXe SeUfXVion XnWil SeUicaUdial dUainage can be SeUfoUmed.

ConVXlW aSSUoSUiaWe VSecialiVWV (eg, SediaWUic cUiWical caUe, SediaWUic caUdiolog\, SediaWUic VXUgeU\) eaUl\. ElecWiYe
SeUicaUdial dUainage (SeUicaUdiocenWeViV), ofWen gXided b\ echocaUdiogUaSh\ oU ÁXoUoVcoS\, VhoXld be SeUfoUmed b\
VSecialiVWV Zho aUe WUained and Vkilled in Whe SUocedXUe. EmeUgenc\ SeUicaUdiocenWeViV ma\ be SeUfoUmed in Whe
VeWWing of imSending oU acWXal SXlVeleVV aUUeVW Zhen WheUe iV a VWUong VXVSicion of SeUicaUdial WamSonade.

SpeciÀc Management of Tension Pneumothorax

TenVion SneXmoWhoUa[ iV chaUacWeUi]ed b\ accXmXlaWing aiU XndeU SUeVVXUe in Whe SleXUal VSace ZiWh comSUeVVion of
Whe lXng on Whe inYolYed Vide and mediaVWinal VhifW Wo Whe oWheU Vide of Whe cheVW. ThiV SUeYenWV Whe lXngV fUom

AdminiVWeU VXSSlemenWal O2 and conVideU need foU noninYaViYe SoViWiYe SUeVVXUe oU mechanical YenWilaWion.
GiYe 5 Wo 10 mL/kg iVoWonic cU\VWalloid infXVion VloZl\ (oYeU 10-20 minXWeV); UeSeaW PRN.
AVVeVV fUeTXenWl\ foU SXlmonaU\ edema.
Be SUeSaUed Wo aVViVW YenWilaWion.
ObWain e[SeUW conVXlWaWion eaUl\.
OUdeU laboUaWoU\ and oWheU VWXdieV Wo deWeUmine XndeUl\ing caXVe and degUee of caUdiac and end-oUgan
d\VfXncWion.
AdminiVWeU ShaUmacologic VXSSoUW (eg, YaVodilaWoUV, ShoVShodieVWeUaVe en]\me inhibiWoUV, inoWUoSeV, analgeVicV,
anWiS\UeWicV).
ConVideU mechanical ciUcXlaWoU\ VXSSoUW.

CaUdiac WamSonade
TenVion SneXmoWhoUa[
DXcWal-deSendenW congeniWal heaUW leVionV
MaVViYe SXlmonaU\ emboliVm



e[Sanding SUoSeUl\ and aSSlieV SUeVVXUe on Whe heaUW and gUeaW YeinV, comSUomiVing YenoXV UeWXUn and caUdiac
oXWSXW. FaYoUable oXWcome deSendV on immediaWe diagnoViV and XUgenW WUeaWmenW. A WenVion SneXmoWhoUa[ VhoXld
be idenWiÀed WhUoXgh clinical e[aminaWion, and WUeaWmenW VhoXld noW aZaiW conÀUmaWion ZiWh a cheVW UadiogUaSh.

TUeaWmenW of a WenVion SneXmoWhoUa[ iV immediaWe needle decomSUeVVion folloZed b\ WhoUacoVWom\ foU cheVW WXbe
SlacemenW aV Voon aV SoVVible. A WUained SUoYideU can TXickl\ SeUfoUm an emeUgenc\ needle decomSUeVVion b\
inVeUWing an 18- Wo 20-gaXge oYeU-Whe-needle caWheWeU oYeU Whe WoS of Whe child·V WhiUd Uib (Vecond inWeUcoVWal VSace) in
Whe midclaYicXlaU line. A gXVh of aiU iV a Vign WhaW needle decomSUeVVion haV been VXcceVVfXl. ThiV indicaWeV Uelief of
SUeVVXUe bXildXS in Whe SleXUal VSace.

SpeciÀc Management of Ductal-Dependent Lesions

DXcWal-deSendenW leVionV aUe a gUoXS of congeniWal caUdiac abnoUmaliWieV. TheVe abnoUmaliWieV UeVXlW in SXlmonaU\ oU
V\VWemic blood ÁoZ WhaW mXVW SaVV WhUoXgh an oSen/SaWenW dXcWXV aUWeUioVXV. The infanW can deWeUioUaWe UaSidl\ once
Whe dXcWXV beginV Wo cloVe dXUing Whe ÀUVW da\V oU ZeekV of life.

CongeniWal heaUW defecWV ZiWh dXcWal-deSendenW SXlmonaU\ blood ÁoZ XVXall\ inclXde a VeYeUe obVWUXcWion Wo
SXlmonaU\ blood ÁoZ fUom Whe UighW YenWUicle, Vo all SXlmonaU\ blood ÁoZ When mXVW SaVV fUom Whe aoUWa WhUoXgh Whe
dXcWXV aUWeUioVXV and inWo Whe lXngV. When Whe dXcWXV beginV Wo cloVe, Whe infanW iniWiall\ becomeV h\So[emic and
c\anoWic, Zhich can SUogUeVV Wo Vhock if noW Uecogni]ed and inWeUYened XSon eaUl\.

CongeniWal heaUW defecWV ZiWh dXcWal-deSendenW V\VWemic blood ÁoZ XVXall\ conViVW of an obVWUXcWion Wo oXWÁoZ
WhUoXgh oU fUom Whe lefW Vide of Whe heaUW inWo Whe aoUWa. In VXch SaWienWV, V\VWemic blood ÁoZ mXVW SaVV fUom Whe UighW
YenWUicle and SXlmonaU\ aUWeU\ WhUoXgh Whe dXcWXV inWo Whe aoUWa. In WheVe SaWienWV, Zhen Whe dXcWXV VWaUWV Wo cloVe,
VignV of Vhock deYeloS ZiWh VeYeUe deWeUioUaWion in V\VWemic SeUfXVion.

FoU an\ infanW ZiWh dXcWal-deSendenW SXlmonaU\ oU V\VWemic blood ÁoZ, immediaWe WUeaWmenW ZiWh conWinXoXV infXVion
of SUoVWaglandin E1 (PGE1) can UeVWoUe dXcWal oSenneVV/SaWenc\ and ma\ be lifeVaYing.

OWheU managemenW acWionV foU dXcWal-deSendenW obVWUXcWiYe leVionV aUe

SpeciÀc Management of Massive Pulmonary Embolism

MaVViYe SXlmonaU\ emboliVm iV a VXdden block in Whe main oU laUge-bUanch SXlmonaU\ aUWeU\. ThiV block iV XVXall\
caXVed b\ a blood cloW WhaW haV WUaYeled Wo Whe lXngV fUom anoWheU SaUW of Whe bod\. The block alVo can UeVXlW fUom
oWheU VXbVWanceV, inclXding faW, aiU, amnioWic ÁXid, caWheWeU fUagmenW, oU injecWed maWWeU. Blood ÁoZ WhUoXgh Whe
SXlmonaU\ ciUcXlaWion Wo Whe lefW Vide of Whe heaUW iV obVWUXcWed, UeVXlWing in decUeaVed lefW YenWUicXlaU Àlling and
inadeTXaWe caUdiac oXWSXW.

IniWial WUeaWmenW iV VXSSoUWiYe, inclXding O2 adminiVWUaWion, YenWilaWoU\ aVViVWance, and ÁXid WheUaS\ if Whe child iV SooUl\
SeUfXVed. ConVXlW a VSecialiVW Zho can SeUfoUm echocaUdiogUaSh\, a comSXWed WomogUaSh\ Vcan ZiWh IV conWUaVW, oU
angiogUaSh\ Wo conÀUm Whe diagnoViV. AnWicoagXlanWV (eg, heSaUin, eno[aSaUin) aUe Whe deÀniWiYe WUeaWmenW foU moVW
childUen ZiWh SXlmonaU\ emboliVm Zho aUe noW in Vhock. BecaXVe anWicoagXlanWV do noW acW immediaWel\ Wo UelieYe
obVWUXcWion, conVideU ÀbUinol\Wic agenWV (eg, UecombinanW WiVVXe SlaVminogen acWiYaWoU, V\VWemicall\ oU b\ image-
gXided diUecW WhUombol\ViV) in childUen ZiWh VeYeUe caUdioYaVcXlaU comSUomiVe.

ComSXWed WomogUaSh\ angiogUaSh\ iV Whe diagnoVWic aVVeVVmenW of choice becaXVe iW can be UaSidl\ obWained and
doeV noW UeTXiUe an inYaViYe angiogUam. AddiWional diagnoVWic VWXdieV WhaW mighW be XVefXl aUe an aUWeUial blood gaV,
CBC, D-dimeU, elecWUocaUdiogUaSh\, cheVW [-Ua\, YenWilaWion-SeUfXVion Vcan, and echocaUdiogUaSh\.

Managing Shock FloZchart

Table 55 VXmmaUi]eV geneUal managemenW of Vhock and VSeciÀc managemenW b\ eWiolog\.

Table 55. Managing Shock Flowchart

Managing shock Áowchart

VenWilaWoU\ VXSSoUW ZiWh O2 adminiVWUaWion
E[SeUW conVXlWaWion Wo diUecW WheUaS\
EchocaUdiogUaSh\ Wo eVWabliVh diagnoViV and gXide WheUaS\
AdminiVWUaWion of inoWUoSic agenWV Wo imSUoYe m\ocaUdial conWUacWiliW\
JXdicioXV adminiVWUaWion of ÁXidV Wo imSUoYe caUdiac oXWSXW
CoUUecWion of meWabolic deUangemenWV, inclXding meWabolic acidoViV



Hypovolemic shock:
Specific management for selected conditions

Nonhemorrhagic Hemorrhagic

Distributive shock:
Specific management for selected conditions

SepWic Anaph\lacWic NeXUogenic

ManagemenW algoUiWhm:

Cardiogenic shock:
Specific management for selected conditions

Bradyarrhythmia/tachyarrhythmia Other (eg, CHD, myocarditis, cardiomyopathy, poisoning)

ManagemenW algoUiWhmV:

Obstructive shock:
Specific management for selected conditions

Ductal-dependent (LV
outflow obstruction)

Tension pneumothorax Cardiac tamponade Pulmonary embolism

Resources for Managing Circulator\ Emergencies

IQWUaRVVeRXV AcceVV

InWUaoVVeoXV (IO) cannXlaWion iV a UelaWiYel\ VimSle and effecWiYe meWhod of UaSidl\ eVWabliVhing YaVcXlaU acceVV foU
emeUgenc\ ÁXidV oU medicaWionV. IW SUoYideV acceVV Wo a noncollaSVible maUUoZ YenoXV Sle[XV, VeUYing aV a Vafe and
Ueliable UoXWe foU adminiVWeUing dUXgV, cU\VWalloidV, colloidV, and blood dXUing UeVXVciWaWion. One can achieYe IO
acceVV in childUen of all ageV, ofWen in aboXW 30 Wo 60 VecondV. In ceUWain ciUcXmVWanceV (eg, caUdiac aUUeVW oU VeYeUe
Vhock ZiWh VeYeUe YaVoconVWUicWion), iW ma\ be Whe iniWial YaVcXlaU acceVV aWWemSWed. An\ medicaWion WhaW can be
adminiVWeUed IV can be giYen b\ Whe IO UoXWe. FlXidV and medicaWionV deliYeUed Yia an IO caWheWeU can Ueach Whe
cenWUal ciUcXlaWion ZiWhin VecondV. If \oX cannoW Ueadil\ obWain SeUiSheUal YaVcXlaU acceVV in a child ZiWh comSenVaWed
oU h\SoWenViYe Vhock, be SUeSaUed Wo eVWabliVh IO acceVV aV Voon aV iW iV needed.

SLWeV IRU IO AcceVV

Man\ ViWeV, VXch aV Whe SUo[imal Wibia (jXVW beloZ Whe gUoZWh SlaWe), aUe aSSUoSUiaWe foU IO infXVion. OWheU ViWeV inclXde
Whe diVWal Wibia (jXVW aboYe Whe medial malleolXV), Whe diVWal femXU, and Whe anWeUioU-VXSeUioU iliac VSine. NeZeU deYiceV,
VXch aV Whe IO dUill, aUe aSSUoYed foU XVe in Whe SUo[imal hXmeUXV in oldeU childUen, adoleVcenWV, and adXlWV.

CRQWUaLQdLcaWLRQV

ConWUaindicaWionV Wo IO acceVV inclXde

O[\gen
PXlVe o[imeWU\
ECG moniWoU

IV/IO acceVV
BLS aV indicaWed
PoinW-of-caUe glXcoVe WeVWing

20 mL/kg NS/LR bolXV, UepeaW aV needed
ConVideU colloid

ConWUol e[WeUnal bleeding
20 mL/kg NS/LR bolXV, UepeaW 2 oU 3[ aV needed
TUanVfXVe PRBCV aV indicaWed

SepWic Shock
IM epinephUine (oU aXWoinjecWoU)
FlXid bolXVeV (10-20 mL/kg NS/LR)
AlbXWeUol
AnWihiVWamineV, coUWicoVWeUoidV
EpinephUine infXVion

20 mL/kg NS/LR bolXV, UepeaW PRN
VaVopUeVVoU

BUad\caUdia
Tach\caUdia

5 Wo 10 mL/kg NS/LR bolXV, UepeaW PRN
InoWUopic and/oU YaVoacWiYe infXVion
ConVideU e[peUW conVXlWaWion
AnWidoWe foU poiVoning

PUoVWaglandin E1
E[peUW conVXlWaWion

Needle decompUeVVion
TXbe WhoUacoVWom\

PeUicaUdiocenWeViV
20 mL/kg NS/LR bolXV

20 mL/kg NS/LR bolXV,
UepeaW PRN
ConVideU WhUombol\WicV,
anWicoagXlanWV
E[peUW conVXlWaWion



AYoid IO cannXlaWion if an infecWion iV SUeVenW in Whe oYeUl\ing WiVVXeV.

PURcedXUe (PUR[LPaO TLbLa)

UVe Whe folloZing SUocedXUe Wo eVWabliVh IO acceVV:

Figure 42A. Locations for
intraosseous insertion. A,
General landmarks for IO
insertion in the leg of an
infant.

Figure 42B. Locations for IO
insertion in the proximal

FUacWXUeV and cUXVh injXUieV neaU Whe acceVV ViWe
CondiWionV ZiWh fUagile boneV (eg, oVWeogeneViV imSeUfecWa)
PUeYioXV aWWemSWV Wo eVWabliVh IO acceVV in Whe Vame bone

1. To eVWabliVh acceVV in Whe SUo[imal Wibia, SoViWion Whe leg ZiWh VlighW e[WeUnal UoWaWion. IdenWif\ Whe Wibial WXbeUoViW\
jXVW beloZ Whe knee joinW; Whe inVeUWion ViWe iV Whe ÁaW SaUW of Whe Wibia, aboXW 1 Wo 3 cm (aboXW 1 ÀngeU·V ZidWh) beloZ
and medial Wo WhiV bon\ SUominence (FigXUe 42). AlZa\V XVe XniYeUVal SUecaXWionV Zhen aWWemSWing YaVcXlaU
acceVV. DiVinfecW Whe oYeUl\ing Vkin and VXUUoXnding aUea.

2. LeaYe Whe VW\leW in Whe needle dXUing inVeUWion Wo SUeYenW Whe needle fUom becoming clogged ZiWh bone oU WiVVXe.
SWabili]e Whe leg on a ÀUm VXUface; do noW Slace \oXU hand behind Whe leg. Note: If a VWandaUd IO needle oU bone
maUUoZ needle iV noW aYailable, a laUge-boUe (aW leaVW 18-gaXge) VWandaUd h\SodeUmic needle can be VXbVWiWXWed.
BXW Whe lXmen ma\ become clogged ZiWh bone oU bone maUUoZ dXUing inVeUWion. ShoUW, Zide-gaXge VSinal needleV
ZiWh inWeUnal VW\leWV can be XVed in an emeUgenc\, bXW Whe\ Wend Wo bend eaVil\. UVe a hemoVWaW Wo helS VWabili]e
Whe needle dXUing inVeUWion.

3. InVeUW Whe needle WhUoXgh Whe Vkin oYeU Whe anWeUomedial VXUface of Whe Wibia SeUSendicXlaU Wo Whe Wibia; WhiV aYoidV
injXU\ Wo Whe gUoZWh SlaWe. UVe a WZiVWing moWion ZiWh genWle bXW ÀUm SUeVVXUe. ConWinXe inVeUWing Whe needle
WhUoXgh Whe coUWical bone XnWil WheUe iV a VXdden decUeaVe in UeViVWance aV Whe needle enWeUV Whe maUUoZ VSace. If
Whe needle iV Slaced coUUecWl\, iW VhoXld VWand eaVil\ ZiWhoXW VXSSoUW and VhoXld noW Ziggle ZiWh genWle SUodding.

4. RemoYe Whe VW\leW and aWWach a V\Uinge. AVSiUaWion of bone maUUoZ and blood inWo Whe hXb of Whe needle conÀUmV
coUUecW SlacemenW; \oX ma\ Vend blood Wo Whe lab foU anal\ViV. (Note: Blood oU bone maUUoZ ma\ noW alZa\V be
aVSiUaWed deVSiWe coUUecW needle SlacemenW.) InfXVe a Vmall YolXme of Valine. IW VhoXld infXVe eaVil\. Check foU
VZelling aW Whe inVeUWion ViWe oU SoVWeUioUl\, behind Whe inVeUWion ViWe. (SZelling occXUV if Whe needle ZaV inVeUWed Woo
deeSl\ and SeneWUaWed WhUoXgh Whe SoVWeUioU coUWical bone.)

5. To VWabili]e Whe needle, Slace WaSe oYeU Whe Áange; \oX alVo ma\ Slace gaX]e Sadding on boWh VideV of Whe needle
foU VXSSoUW.

6. TaSe IV WXbing Wo Whe Vkin Wo aYoid WenVion on Whe WXbing WhaW mighW diVSlace Whe needle.
7. InfXVe ÁXid ZiWh a V\Uinge aWWached Wo a 3-Za\ VWoScock oU b\ SUeVVXUe infXVion. When XVing a SUeVVXUi]ed ÁXid

bag, make VXUe no aiU geWV inWo Whe V\VWem.
8. An\ medicaWion WhaW can be adminiVWeUed IV can be giYen b\ Whe IO UoXWe, inclXding YaVoacWiYe dUXg infXVionV VXch

aV eSineShUine. FolloZ all bolXV medicaWionV ZiWh a Valine ÁXVh.



tibia and distal femur in
older children.

Figure 42C. Location for IO
insertion in the iliac crest.

Figure 42D. Location for IO
insertion in the distal tibia.

Figure 42E. Technique for
immobilizing the leg while
twisting the IO needle into
the leg of an infant.

AIWeU IO IQVeUWLRQ

AfWeU inVeUWing an IO needle/caWheWeU, do Whe folloZing:

CRlRU-CRded LeQgWh-BaVed ReVXVciWaWiRQ TaSe

UVe a coloU-coded lengWh-baVed WaSe (Table 56) Wo VelecW Whe coUUecW Vi]e of UeVXVciWaWion VXSSlieV and Wo deWeUmine
Whe child·V ZeighW (if noW knoZn) foU calcXlaWing dUXg doVeV.

Check Whe ViWe and Whe XndeUVide of Whe leg foU VignV of VZelling and IO needle diVSlacemenW; ÁXidV oU dUXgV
deliYeUed Yia a diVSlaced needle can caXVe VeYeUe comSlicaWionV (eg, WiVVXe necUoViV, comSaUWmenW V\ndUome).
BecaXVe IO needleV aUe inWended foU VhoUW-WeUm XVe (geneUall\ leVV Whan 24 hoXUV) and aUe ofWen diVSlaced eaUl\
in a UeVXVciWaWion, SUioUiWi]e ongoing aWWemSWV Wo eVWabliVh YaVcXlaU acceVV.



Table 56. Color-Coded Length-Based Resuscitation Tape

Zone 3 kg 4 kg 5 kg Pink Red Purple Yellow White Blue Orang
e

Green

ETT
uncuffed
(mm)

3.5 3.5 3.5 3.5 3.5 4.0 4.5 5.0 5.5 N/A N/A

ETT cuffed
(mm)

3.0 3.0 3.0 3.0 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Lip-tip (cm) 9-9.5 9.5-10 10-10.5 10-10.5 10.5-11 11-12 12.5-
13.5

14-15 15.5-
16.5

17-18 18.5-
19.5

Suction (F) 8 8 8 8 8 8 10 10 10 10 12

L-scope
blade

1
VWUaighW

1
VWUaighW

1
VWUaighW

1
VWUaighW

1
VWUaighW

1-1.5
VWUaighW

2
VWUaighW/
cXUYed

2
VWUaighW/
cXUYed

2
VWUaighW/
cXUYed

2-3
VWUaighW/
cXUYed

2-3
VWUaighW/
cXUYed

Stylet 6 F 6 F 6 F 6 F 6 F 6 F 10 F 10 F 10 F 14 F 14 F

OPA (mm) 50 50 50 50 50 60 60 60 70 80 80

NPA (F) 14 14 14 14 14 18 20 22 24 26 26

Bag-mask
device
(minimum
mL)

450 450 450 450 450 450 450 450-750 750-
1000

750-
1000

1000

ETCO2
detector

Ped Ped Ped Ped Ped Ped Ped AdXlW AdXlW AdXlW AdXlW

LMA 1 1 1 1.5 1.5 2 2 2 2-2.5 2.5 3

Tidal volume
(mL)

20-30 24-40 30-50 40-65 50-85 65-105 80-130 100-165 125-210 160-265 200-330

Frequency 20-
25/min

20-
25/min

20-
25/min

20-
25/min

20-
25/min

15-
25/min

15-
25/min

15-
25/min

12-
20/min

12-
20/min

12-
20/min

AbbUeYiaWionV: ETT, endoWUacheal WXbe; F, FUench; LMA, laU\ngeal maVk aiUZa\; NPA, naVophaU\ngeal aiUZa\; OPA, oUophaU\ngeal
aiUZa\; Ped, pediaWUic.
The BUoVeloZ-LXWen S\VWem PoinW of CaUe GXide iV � 2020 V\aiUe Medical, Inc.; XVed ZiWh peUmiVVion.



ParW 11: Recogni]ing Arrh\WhmiaV

This ParW discXsses recogni]ing arrh\Whmias, sXch as brad\cardia (sloZ hearW raWe) and Wach\cardia (fasW hearW raWe)
ZiWh a palpable pXlse and adeqXaWe or inadeqXaWe perfXsion in infanWs and children.

LeaUQiQg ObjecWiYe

AfWer compleWing Whis ParW, \oX shoXld be able Wo differenWiaWe beWZeen XnsWable and sWable paWienWs ZiWh arrh\Whmias.

YoX Zill be e[pecWed Wo idenWif\ brad\cardic and Wach\cardic rh\Whms in an infanW or child ZiWh and ZiWhoXW
cardiopXlmonar\ compromise.

BUad\caUdia DeÀQiWiRQV

Bradycardia is a hearW raWe WhaW is sloZ in comparison ZiWh a normal hearW raWe range for Whe child·s age, leYel of
acWiYiW\, and clinical condiWion. Refer Wo Table 14: Normal HearW RaWes in ParW 4.

Critical Concepts: S\mptomatic Brad\cardia and CardiopXlmonar\ Compromise
Symptomatic bradycardia is a hearW raWe sloZer Whan normal for Whe child·s age (XsXall\ less Whan 60/min) associaWed
ZiWh cardiopXlmonar\ compromise.
Cardiopulmonary compromise is deÀned as h\poWension, acXWel\ alWered menWal sWaWXs (ie, decreased leYel of
conscioXsness), and signs of shock.

Brad\cardia is an ominoXs sign of impending cardiac arresW in infanWs and children, especiall\ if iW is associaWed ZiWh
h\poWension or eYidence of poor WissXe perfXsion. If, despiWe adeqXaWe o[\genaWion and YenWilaWion, Whe hearW raWe is
less Whan 60/min in an infanW or child ZiWh signs of cardiopXlmonar\ compromise, begin CPR.

Critical Concepts: EYalXating Heart Rate and Rh\thm
Consider Whe folloZing Zhen eYalXaWing Whe hearW raWe and rh\Whm in an\ serioXsl\ ill or injXred child:

Children ZiWh congeniWal hearW disease ma\ haYe Xnderl\ing condXcWion abnormaliWies. InWerpreW Whe child·s hearW raWe
and rh\Whm b\ comparing Whem Wo Whe child·s baseline hearW raWe and rh\Whm. Children ZiWh poor baseline cardiac
fXncWion are more likel\ Wo become s\mpWomaWic from arrh\Whmias Whan children ZiWh normal cardiac fXncWion.

TissXe h\po[ia is Whe leading caXse of s\mpWomaWic brad\cardia in children. Therefore, s\mpWomaWic brad\cardia in
children is XsXall\ Whe resXlW of (raWher Whan Whe reason for) progressiYe h\po[emia and respiraWor\ failXre or shock.
PrioriWies in iniWial assessmenW and managemenW shoXld be Wo sXpporW Whe airZa\ and adeqXaWel\ o[\genaWe and
YenWilaWe.

Brad\cardia ma\ be classiÀed as

Primary bradycardia is Whe resXlW of congeniWal or acqXired hearW condiWions WhaW sloZ Whe sponWaneoXs depolari]aWion
raWe of Whe hearW·s normal pacemaker cells or sloZ condXcWion WhroXgh Whe hearW·s condXcWion s\sWem. CaXses of
primar\ brad\cardia inclXde

The child·s W\pical hearW raWe and baseline rh\Whm
The child·s acWiYiW\ leYel and clinical condiWion (inclXding baseline cardiac fXncWion)

Primar\ brad\cardia
Secondar\ brad\cardia

CongeniWal abnormaliW\ of Whe hearW pacemaker or condXcWion s\sWem
SXrgical injXr\ Wo Whe pacemaker or condXcWion s\sWem



Secondary bradycardia is Whe resXlW of noncardiac condiWions WhaW alWer Whe normal fXncWion of Whe hearW (ie, sloZ Whe
sinXs node pacemaker or sloZ condXcWion WhroXgh Whe aWrioYenWricXlar [AV] jXncWion). CaXses of secondar\
brad\cardia inclXde

RecRgQi]iQg BUad\caUdia

SLgQV aQd S\PSWRPV Rf BUad\caUdLa

Cardiac oXWpXW (Whe YolXme of blood pXmped b\ Whe hearW per minXWe) is Whe prodXcW of sWroke YolXme (Whe YolXme of
blood pXmped ZiWh each YenWricXlar conWracWion) and hearW raWe (nXmber of Wimes Whe YenWricles conWracW per minXWe):

Cardiac OXWpXW = SWroke VolXme ð HearW RaWe

When hearW raWe decreases, cardiac oXWpXW can onl\ be mainWained b\ an increase in sWroke YolXme. BecaXse Whe
hearW·s abiliW\ Wo increase sWroke YolXme is limiWed dXring infanc\ and earl\ childhood, cardiac oXWpXW W\picall\ declines
ZiWh brad\cardia. An e[Wremel\ sloZ hearW raWe resXlWs in criWicall\ loZ cardiac oXWpXW WhaW can be life WhreaWening and
lead Wo cardiopXlmonar\ compromise. The signs of cardiopXlmonar\ compromise associaWed ZiWh brad\cardia are

AddiWional signs can inclXde

ECG ChaUacWeULVWLcV Rf BUad\caUdLa

The elecWrocardiographic (ECG) characWerisWics of brad\cardia inclXde

Refer Wo Rh\Whm RecogniWion ReYieZ in Whe Appendi[ for e[amples.

T\SeV Rf BUad\aUUh\WhPLaV

Bradycardia, deÀned earlier in Whis ParW, is a nonspeciÀc Werm. If a paWienW has brad\cardia dXe Wo sloZing of Whe sinXs
node depolari]aWion raWe, Whe Werm sinus bradycardia is Xsed.

Bradyarrhythmia is Whe appropriaWe Werm Wo Xse Zhen Whe hearW raWe is abnormall\ loZ and Whe rh\Whm is abnormal.
T\pes of brad\arrh\Whmias inclXde AV blocks, sinXs node arresW, jXncWional escape rh\Whms, and YenWricXlar escape
rh\Whms. Onl\ AV blocks Zill be reYieZed; Whe oWher brad\arrh\Whmias are more comple[ and are noW discXssed in Whe
PALS ProYider CoXrse.

SinXs Brad\cardia

Cardiom\opaWh\
M\ocardiWis

H\po[ia
Acidosis
H\poWension
H\poWhermia
DrXg effecWs
Increased Yagal Wone (sXcWioning, gagging, YomiWing)

H\poWension
AlWered menWal sWaWXs: decreased leYel of conscioXsness or irriWabiliW\
Shock: poor end-organ perfXsion ZiWh or ZiWhoXW h\poWension

RespiraWor\ disWress or failXre
ChesW pain or YagXe feeling of discomforW in older children
SXdden collapse

HearW raWe: sloZ compared ZiWh normal hearW raWe for age
P ZaYes: ma\ or ma\ noW be Yisible
QRS comple[: narroZ or Zide (depending on Whe origin of Whe rh\Whm and/or locaWion of injXr\ Wo Whe condXcWion
s\sWem)
P ZaYe and QRS comple[: ma\ be XnrelaWed (ie, AV dissociaWion)



SinXs brad\cardia is a sinXs node depolari]aWion raWe WhaW is sloZer Whan normal for Whe child·s age (refer Wo Table 14:
Normal HearW RaWes in ParW 4). SinXs brad\cardia is noW necessaril\ problemaWic. IW is ofWen presenW in healWh\ children
aW resW Zhen meWabolic demands of Whe bod\ are relaWiYel\ loZ (eg, dXring sleep). Well-condiWioned aWhleWes ofWen haYe
sinXs brad\cardia becaXse Whe\ haYe high sWroke YolXme and increased Yagal Wone. HoZeYer, sinXs brad\cardia can
also deYelop in response Wo h\po[ia, h\poWension, and acidosis. As discXssed aboYe, iW is ofWen Whe resXlW of
progressiYe respiraWor\ failXre or shock and indicaWes impending cardiac arresW. SinXs brad\cardia also ma\ resXlW
from drXg effecWs. Therefore, eYalXaWing sinXs brad\cardia mXsW alZa\s inYolYe assessing Whe clinical sWaWXs of Whe
child.

Rarel\, children haYe a primar\ brad\cardia ZiWh an inWrinsic disorder of Whe sinXs node WhaW impairs Whe sinXs node Wo
depolari]e aW an adeqXaWe raWe. These children XsXall\ haYe a hisWor\ of sXrger\ for comple[ congeniWal hearW disease.
AddiWional caXses of sinXs node disorders inclXde congeniWal abnormaliWies of Whe condXcWion s\sWem, cardiom\opaWh\,
and m\ocardiWis.

AV Block

AV block is a disWXrbance of elecWrical condXcWion WhroXgh Whe AV node. AV block is classiÀed as folloZs and in Table
57:

TDEOH 57. AV BORFN CODVVLÀFDWLRQ

T\pe CaXVeV CharacWeriVWicV S\mpWomV

FLUVW GHJUHH Prolonged PR interval with
1:1 P: QRS

Asymptomatic

SHFRQG-GHJUHH MRELW] W\SH
I (:HQFNHEDFK
SKHQRPHQRQ)

In Mobitz type I or
Wenckebach-type second-
degree AV block there is
successive prolongation of
the PR interval preceding
nonconducted P waves.

Occasionally, may cause
presyncope (light-
headedness)

SHFRQG-GHJUHH MRELW] W\SH
II

Mobitz type II is identiÀed by
intermittently nonconducted P
waves with a constant PR
interval on conducted beats.

May cause

First degree: A prolonged PR inWerYal represenWing sloZed condXcWion WhroXgh Whe AV node (FigXre 43A)
Second degree: Block of some, bXW noW all, aWrial impXlses before Whe\ reach Whe YenWricles. This block can be
fXrWher classiÀed as MobiW] W\pe I or MobiW] W\pe II second-degree AV block.

² MobiW] W\pe II is idenWiÀed b\ inWermiWWenWl\ noncondXcWed P ZaYes, ZiWh a consWanW PR inWerYal condXcWed on
beaWs.
Third degree: None of Whe aWrial impXlses condXcW Wo Whe YenWricles. This block ma\ also be referred Wo as complete
heart block or complete AV block (FigXre 43D).

² In MobiW] W\pe I or Wenckebach-W\pe second-degree AV block, Where is sXccessiYe prolongaWion of Whe PR
inWerYal preceding non-condXcWed P ZaYes.

NoWe: May be present in
healthy children
Enhanced vagal tone
Myocarditis
Electrolyte disturbances
(eg, hyperkalemia)
Hypoxemia
Myocardial infarction
Cardiac surgery
Drugs (eg, calcium
channel blockers, ћ-
adrenergic blockers,
digoxin)
Acute rheumatic fever
Intrinsic AV nodal disease

NoWe: May be present in
healthy children
Drugs (eg, calcium
channel and ћ-adrenergic
blockers, digoxin)
Any condition that
stimulates vagal
(parasympathetic) tone
Myocardial infarction
Lyme disease

Typically results from
intrinsic conduction
system abnormalities
Rarely caused by
increased

Sensed irregularities of
heartbeat (palpitations)
Presyncope (light-
headedness)
Syncope



TKLUG GHJUHH Most frequent symptoms are

FLJXUH 43A. E[DPSOHV RI AV
EORFN. A, SLQXV EUDG\FDUGLD
ZLWK ÀUVW-GHJUHH AV EORFN.

FLJXUH 43B. SHFRQG-GHJUHH
AV EORFN MRELW] W\SH I
(:HQFNHEDFK SKHQRPHQRQ).

FLJXUH 43C. SHFRQG-GHJUHH
AV EORFN MRELW] W\SH II.

FLJXUH 43D. TKLUG-GHJUHH AV
EORFN.

Tach\aUUh\WhPiaV

Tachycardia is a hearW raWe WhaW is fasW compared ZiWh Whe normal hearW raWe for Whe child·s age. Refer Wo Table 14:
Normal HearW RaWes in ParW 4. SinXs Wach\cardia is a normal response Wo an[ieW\, pain, feYer, or oWher ph\siologic
sWressors.

Tachyarrhythmias are rapid abnormal rh\Whms originaWing eiWher in Whe aWria or Whe YenWricles of Whe hearW.
Tach\arrh\Whmias can be WoleraWed ZiWhoXW s\mpWoms for a Yariable period of Wime, especiall\ if cardiac fXncWion is
good. HoZeYer, Wach\arrh\Whmias can also caXse acXWe hemod\namic compromise, sXch as shock or deWerioraWion Wo
cardiac arresW. Rapid deWerioraWion is more likel\ Wo occXr if cardiac fXncWion is poor Zhen Whe arrh\Whmia deYelops.

RecRgQL]LQg Tach\aUUh\WhPLaV

Signs and S\mptoms

parasympathetic tone or
drugs
Cardiac surgery
Myocardial infarction
Lyme disease

Extensive conduction
system disease or injury,
including myocarditis
Cardiac surgery
Congenital complete heart
block
Myocardial infarction
Can also result from
increased
parasympathetic tone,
toxic drug effects, or
severe hypoxia/acidosis
Lyme disease

No relationship between P
waves and QRS
complexes
No atrial impulses reach
ventricles
Ventricular rhythm
maintained by a slower
pacemaker

Fatigue
Light-headedness
Syncope



Tach\arrh\Whmias ma\ caXse nonspeciÀc signs and s\mpWoms WhaW differ according Wo Whe child·s age. Clinical Àndings
ma\ inclXde palpiWaWions, lighW-headedness, and s\ncope. In infanWs Zho are aW home, Whe Wach\arrh\Whmia ma\ be
XndeWecWed for long periods (eg, for hoXrs or da\s) XnWil cardiac oXWpXW is signiÀcanWl\ compromised and Whe infanW
deYelops signs of congesWiYe hearW failXre (CHF) sXch as irriWabiliW\, poor feeding, and rapid breaWhing. Episodes of
e[Wremel\ rapid hearW raWe ma\ be life WhreaWening if cardiac oXWpXW is compromised. When a Wach\arrh\Whmia deYelops
in a child ZiWh poor baseline cardioYascXlar fXncWion, clinical signs can deYelop qXickl\ and deWerioraWion can be rapid.

Signs of hemod\namic insWabiliW\ associaWed ZiWh Wach\arrh\Whmias are

AddiWional signs ma\ inclXde

EffecW RQ CaUdLac OXWSXW

An increased hearW raWe can prodXce increased cardiac oXWpXW, Xp Wo a poinW. If WhaW poinW is e[ceeded (ie, Whe hearW
raWe is e[Wremel\ rapid), sWroke YolXme decreases becaXse diasWole is shorWened and Where is insXfÀcienW Wime for Whe
YenWricles Wo Àll dXring diasWole. Cardiac oXWpXW When decreases sXbsWanWiall\. In addiWion, coronar\ perfXsion (blood
ÁoZ Wo Whe hearW mXscle) occXrs chieÁ\ dXring diasWole; Whe decrease in dXraWion of diasWole WhaW occXrs ZiWh a Yer\
rapid hearW raWe redXces coronar\ perfXsion. Finall\, a fasW hearW raWe increases m\ocardial O2 demand. In infanWs,
prolonged episodes of rapid hearW raWe (sXpraYenWricXlar Wach\cardia [SVT]) can caXse m\ocardial d\sfXncWion,
leading Wo CHF. In an\ child, an e[Wremel\ rapid hearW raWe can resXlW in inadeqXaWe cardiac oXWpXW and, XlWimaWel\,
cardiogenic shock.

COaVVLf\LQg Tach\caUdLa aQd Tach\aUUh\WhPLaV

Tach\cardia and Wach\arrh\Whmias are classiÀed according Wo Whe ZidWh of Whe QRS comple[; Whe arrh\Whmias are
diYided inWo Whose ZiWh narroZ (0.09 second or less) Ys Zide (greaWer Whan 0.09 second) QRS comple[es. SinXs
Wach\cardia, SVT, and aWrial ÁXWWer are classiÀed as narroZ comple[, and YenWricXlar Wach\cardia and SVT ZiWh
aberranW inWerYenWricXlar condXcWion are classiÀed as Zide comple[.

SinXs Tach\cardia

Sinus tachycardia (ST) is a sinXs node depolari]aWion raWe fasWer Whan normal for Whe child·s age. IW W\picall\ deYelops
in response Wo Whe bod\·s need for increased cardiac oXWpXW or O2 deliYer\. ST is a normal ph\siologic response and is
noW considered an arrh\Whmia (FigXre 44). In ST, Whe hearW raWe is noW À[ed bXW Yaries ZiWh acWiYiW\ and oWher facWors
(eg, Whe child·s sleep/aZake sWaWe, WemperaWXre) WhaW inÁXence O2 demand.

FLJXUH 44. SLQXV WDFK\FDUGLD
(KHDUW UDWH 180/PLQ) LQ D
IHEULOH 10-PRQWK-ROG LQIDQW.

Common caXses of ST inclXde e[ercise, pain, an[ieW\, WissXe h\po[ia, h\poYolemia (hemorrhagic and
nonhemorrhagic ÁXid loss), shock, feYer, meWabolic sWress, injXr\, Wo[ins, poisons, drXgs, and anemia. Cardiac
Wamponade, Wension pneXmoWhora[, and Whromboembolism are less common caXses of ST.

ECG CharacWeriVWicV of ST

ECG characWerisWics of ST inclXde Whe folloZing:

H\poWension
AlWered menWal sWaWXs (ie, decreased leYel of conscioXsness)
Signs of shock (poor end-organ perfXsion) ZiWh or ZiWhoXW h\poWension

SXdden collapse ZiWh rapid, Zeak pXlses
RespiraWor\ disWress/failXre

HearW raWe: beaW-Wo-beaW YariabiliW\ ZiWh changes in acWiYiW\ or sWress leYel

P ZaYes: presenW/normal
PR inWerYal: consWanW, normal dXraWion

² UsXall\ less Whan 220/min in infanWs
² UsXall\ less Whan 180/min in children



SVT

SVT is an abnormall\ fasW rh\Whm originaWing aboYe Whe YenWricles. In infanWs and children, Whe mosW common caXse is
a reenWr\ mechanism WhaW occXrs WhroXgh an accessor\ paWhZa\ or ZiWhin Whe AV node. SVT is Whe mosW common
Wach\arrh\Whmia WhaW caXses cardioYascXlar compromise dXring infanc\. In addiWion Wo an accessor\ paWhZa\ reenWr\
or AV nodal reenWr\, oWher mechanisms WhaW can caXse SVT are aWrial ÁXWWer and ecWopic aWrial focXs.

TZo oXWdaWed Werms for SVT are paroxysmal atrial tachycardia and paroxysmal SVT. SVT Zas labeled paroxysmal
becaXse iW occXrs episodicall\ (in paro[\sms). The rapid rh\Whm sWarWs and sWops sXddenl\, ofWen ZiWhoXW Zarning.

Clinical PreVenWaWion of SVT

SVT (FigXre 45) is a rapid, regXlar rh\Whm WhaW ofWen appears abrXpWl\ and ma\ be episodic. DXring episodes of SVT,
cardiopXlmonar\ fXncWion is inÁXenced b\ Whe child·s age, dXraWion of Whe Wach\cardia, baseline YenWricXlar fXncWion,
and YenWricXlar raWe. In infanWs ZiWh normal YenWricXlar fXncWion, SVT ma\ be presenW bXW XndeWecWed for long periods
(hoXrs or da\s) XnWil cardiac oXWpXW is signiÀcanWl\ impaired. HoZeYer, if baseline m\ocardial fXncWion is impaired (eg,
in a child ZiWh congeniWal hearW disease or cardiom\opaWh\), SVT can prodXce signs of shock in a shorW Wime.

FLJXUH 45. SVT LQ D 10-
PRQWK-ROG LQIDQW.

In infanWs, SVT is ofWen diagnosed Zhen s\mpWoms of CHF deYelop. Common signs and symptoms of SVT in infants
inclXde irriWabiliW\; poor feeding; rapid breaWhing; XnXsXal sleepiness; YomiWing; and pale, moWWled, gra\, or c\anoWic
skin. Common signs and symptoms of SVT in older children inclXde palpiWaWions, shorWness of breaWh, chesW pain or
discomforW, lighW-headedness, and fainWing.

SVT is iniWiall\ Zell WoleraWed in mosW infanWs and older children. HoZeYer, iW can lead Wo CHF and clinical eYidence of
shock Zhen baseline m\ocardial fXncWion is impaired (eg, in a child ZiWh congeniWal hearW disease or cardiom\opaWh\)
or in an infanW haYing prolonged episodes oYer hoXrs Wo da\s. UlWimaWel\, SVT can caXse cardioYascXlar collapse.

SignV

SVT ma\ be idenWiÀed as Whe resXlW of iWs effecW on s\sWemic perfXsion. SVT ZiWh cardiopXlmonar\ compromise can
prodXce Whe signs and s\mpWoms lisWed in Table 58.

TDEOH 58. SLJQV DQG S\PSWRPV RI SVT :LWK CDUGLRSXOPRQDU\ CRPSURPLVH

EYalXaWe SignV and V\mpWomV

ALUZD\ Usually open/patent unless level of consciousness is signiÀcantly impaired

BUHDWKLQJ

CLUFXODWLRQ

R-R inWerYal: Yariable
QRS comple[: narroZ (0.09 second or less)

Tachypnea
Increased work of breathing
Crackles (or “wheezingµ in infants) if CHF develops
Grunting if CHF develops

Tachycardia beyond the typical range for ST and characterized by Àxed
rate and/or abrupt onset
Delayed capillary reÀll time
Weak peripheral pulses
Cool extremities
Diaphoretic, pale, mottled, gray, or cyanotic skin



DLVDELOLW\

E[SRVXUH Defer evaluation of temperature until ABCs are supported

ECG CharacWeriVWicV of SVT

ECG characWerisWics of SVT inclXde Whe folloZing:

NarroZ-QRS-comple[ SVT: In more Whan 90% of children ZiWh SVT, Whe QRS comple[ is narroZ (FigXre 45), ie, 0.09
second or less.

Wide-QRS-comple[ SVT: SVT ZiWh aberranW condXcWion (Xncommon in Whe pediaWric age groXp) prodXces a Zide
QRS comple[ (ie, greaWer Whan 0.09 second). This form of SVT mosW ofWen occXrs as a resXlW of raWe-relaWed bXndle
branch block (ZiWhin Whe YenWricles) or pree[isWing bXndle branch block. IW also ma\ be caXsed b\ an accessor\
paWhZa\ in Zhich elecWrical impXlses are condXcWed from Whe aWria Wo Whe YenWricles WhroXgh Whe accessor\ paWhZa\
raWher Whan WhroXgh Whe AV node. The impXlse When reWXrns Wo Whe aWria WhroXgh Whe AV node (or WhroXgh a differenW
accessor\ paWhZa\).

IW can be difÀcXlW Wo differenWiaWe SVT ZiWh aberranW condXcWion from YenWricXlar Wach\cardia (VT). This XsXall\ reqXires
carefXl anal\sis of aW leasW one 12-lead ECG. BoWh SVT ZiWh aberranW condXcWion and VT can caXse similar
hemod\namic insWabiliW\, haYe similar raWes, and haYe Zide QRS comple[es (greaWer Whan 0.09 second). In Whe
pediaWric age groXp, Xnless paWienW hisWor\ or preYioXs ECGs sXggesW Whe likelihood of SVT ZiWh aberranW condXcWion
(eg, pree[isWing bXndle branch block), assXme WhaW a Wach\cardia ZiWh a Zide QRS comple[ is dXe Wo VT.

Comparison of ST and SVT

IW ma\ be difÀcXlW Wo differenWiaWe SVT ZiWh shock from shock resXlWing from anoWher eWiolog\ ZiWh compensaWor\ ST.
The characWerisWics in Table 59 ma\ aid in differenWiaWing ST from SVT. NoWe WhaW signs of hearW failXre and oWher signs
and s\mpWoms of poor perfXsion ma\ be absenW earl\ afWer Whe onseW of SVT.

TDEOH 59. CKDUDFWHULVWLFV RI ST DQG SVT

CharacWeriVWic ST SVT

HLVWRU\ Gradual onset
Compatible with ST (eg, history of fever,
pain, dehydration, hemorrhage)

Abrupt onset or termination or both
Infant: Symptoms of CHF
Child: Sudden onset of palpitations

PK\VLFDO H[DPLQDWLRQ Signs of underlying cause of ST (eg,
crackles, fever, hypovolemia, anemia)

Infant: Signs of CHF (eg, rales,
hepatomegaly, edema)

HHDUW UDWH Infant: Usually <220/min
Child: Usually <180/min

Infant: Usually ≥220/min
Child: Usually ≥180/min

MRQLWRU Variability in heart rate with changes in
level of activity or stimulation; slowing of
heart rate with rest or treatment of
underlying cause (eg, administering IV
Áuids for hypovolemia)

Minimal or no variability in heart rate with
changes in level of activity or stimulation

ECG P waves present/normal/upright in leads
I/aVF

P waves absent/abnormal/inverted
(negative) in leads II/III/aVF; if present,
they usually follow the QRS complex

Hypotension
Jugular venous distension (difÀcult to observe in young children) or
hepatomegaly if CHF develops

Altered mental status
Sleepiness or lethargy
Irritability

HearW raWe: no beaW-Wo-beaW YariabiliW\ ZiWh acWiYiW\

P ZaYes: absenW or abnormal (ma\ appear afWer Whe QRS comple[)
PR inWerYal: becaXse P ZaYes are XsXall\ absenW, PR inWerYal cannoW be deWermined; in ecWopic aWrial Wach\cardia,
a shorW PR inWerYal ma\ be seen
R-R inWerYal: ofWen consWanW
QRS comple[: XsXall\ narroZ; Zide comple[ Xncommon

² UsXall\ 220/min or greaWer in infanWs
² UsXall\ 180/min or greaWer in children



CKHVW [-UD\ Usually small heart and clear lungs
unless ST is caused by pneumonia,
pericarditis, or underlying heart disease

Signs of CHF (eg, enlarged heart,
pulmonary edema) may be present

P ZaYes ma\ be difÀcXlW Wo idenWif\ in boWh ST and SVT once Whe YenWricXlar raWe e[ceeds 200/min.

Atrial FlXtter

Atrial flutter is a narroZ-comple[ Wach\arrh\Whmia WhaW can deYelop in neZborn infanWs ZiWh normal hearWs (FigXre 46).
IW also can deYelop in children ZiWh congeniWal hearW disease, especiall\ afWer cardiac sXrger\. A reenWranW mechanism
W\picall\ is presenW in children ZiWh enlarged aWria or ZiWh anaWomic barriers resXlWing from cardiac sXrger\ (eg,
aWrioWom\ scars or sXrgical anasWomoses). A reenWr\ circXiW ZiWhin Whe aWria alloZs a ZaYe of depolari]aWion Wo WraYel in
a circle ZiWhin Whe aWria. BecaXse Whe AV node is noW parW of Whe circXiW, AV condXcWion ma\ be Yariable. The aWrial raWe
can e[ceed 300/min, Zhereas Whe YenWricXlar raWe is sloZer and ma\ be irregXlar. Classicall\, a ´saZWooWhµ paWWern of
Whe P ZaYes is presenW on Whe ECG.

FLJXUH 46. AWULDO ÁXWWHU LQ DQ
DGROHVFHQW (DWULDO UDWH DERXW
270/PLQ; YHQWULFXODU UDWH
DSSUR[LPDWHO\ 70/PLQ).

VentricXlar Tach\cardia

VT is a Zide-QRS-comple[ Wach\arrh\Whmia generaWed ZiWhin Whe YenWricles (FigXre 47). VT is Xncommon in children.
When VT ZiWh pXlses is presenW, Whe YenWricXlar raWe ma\ Yar\ from near normal Wo greaWer Whan 200/min. Rapid
YenWricXlar raWes compromise YenWricXlar Àlling, sWroke YolXme, and cardiac oXWpXW and ma\ deWerioraWe inWo pVT or
YenWricXlar ÀbrillaWion (VF).

FLJXUH 47A. VHQWULFXODU
WDFK\FDUGLD; A,
MRQRPRUSKLF.

FLJXUH 47B. PRO\PRUSKLF
(WRUVDGHV GH SRLQWHV).

MosW children Zho deYelop VT haYe Xnderl\ing hearW disease (or haYe had sXrger\ for hearW disease), long QT
s\ndrome, or m\ocardiWis/cardiom\opaWh\. The\ ma\ haYe a famil\ hisWor\ of a sXdden, Xne[plained deaWh in a child
or \oXng adXlW, sXggesWing cardiom\opaWh\ or an inheriWed cardiac ion ´channelopaWh\.µ OWher caXses of VT in
children inclXde elecWrol\We disWXrbances (eg, h\perkalemia, h\pocalcemia, h\pomagnesemia), drXg Wo[iciW\ (eg,
Wric\clic anWidepressanWs, cocaine, meWhampheWamines), and acXWe s\sWemic illnesses (eg, seYere sepsis) or coronar\
arWer\ abnormaliWies (eg, KaZasaki s\ndrome) caXsing m\ocardial ischemia.

ECG CharacWeriVWicV of VT

ECG characWerisWics of VT inclXde Whe folloZing:

IW ma\ be difÀcXlW Wo differenWiaWe SVT ZiWh aberranW condXcWion from VT. ForWXnaWel\, aberranW condXcWion is presenW in
less Whan 10% of children ZiWh SVT. In general, Whe healWhcare proYider shoXld iniWiall\ assXme WhaW a Zide-comple[

VenWricXlar raWe: aW leasW 120/min and regXlar
QRS comple[: Zide (greaWer Whan 0.09 second)
P ZaYes: ofWen noW idenWiÀable; Zhen presenW, ma\ noW be relaWed Wo QRS (AV dissociaWion); aW sloZer raWes, aWria
ma\ be depolari]ed in a reWrograde manner, resXlWing in a 1:1 YenWricXlar-Wo-aWrial associaWion
T ZaYes: W\picall\ opposiWe in polariW\ from QRS



rh\Whm is VT Xnless Whe child is knoZn Wo haYe aberranW condXcWion or preYioXs episodes of Zide-QRS-comple[ SVT.

Pol\morphic VT, InclXding Torsades de Pointes

VT ma\ be monomorphic (QRS comple[es are Xniform in appearance) or pol\morphic (QRS comple[es Yar\ in
appearance). If Whe YenWricXlar raWe is sloZ enoXgh, Whe paWienW ZiWh monomorphic VT can mainWain pXlses. In conWrasW,
pol\morphic VT is W\picall\ associaWed ZiWh loss of pXlses aW onseW or ZiWhin a Yer\ shorW Wime afWer onseW. Torsades de
poinWes is a disWincWiYe form of pol\morphic VT. The Werm torsades de pointes is French and means ´WXrning on a
poinW.µ In Worsades de poinWes, Whe QRS comple[es change in polariW\ and ampliWXde, appearing Wo roWaWe aroXnd Whe
ECG isoelecWric line (FigXre 47B). The YenWricXlar raWe can range from 150 Wo 250/min. Torsades de poinWes can be
seen in condiWions associaWed ZiWh a prolonged QT inWerYal, inclXding congeniWal long QT s\ndrome, elecWrol\We
abnormaliWies, and drXg Wo[iciW\. The prolonged QT inWerYal is idenWiÀed dXring sinXs rh\Whm; iW cannoW be eYalXaWed
dXring Whe Wach\cardia. A rh\Whm sWrip ma\ shoZ Whe child·s baseline QT prolongaWion becaXse Worsades de poinWes
someWimes occXrs in bXrsWs WhaW conYerW sponWaneoXsl\ Wo sinXs rh\Whm.

CondiWions and agenWs WhaW predispose Wo Worsades de poinWes inclXde

IW is imporWanW Wo recogni]e WhaW VT, especiall\ pol\morphic VT (inclXding Worsades de poinWes), can rapidl\ deWerioraWe
Wo VF. The long QT s\ndromes and oWher inheriWed arrh\Whmia s\ndromes (ie, channelopaWhies) are associaWed ZiWh
sXdden deaWh from eiWher primar\ VF or Worsades de poinWes. Pol\morphic VT noW associaWed ZiWh a prolonged QT
inWerYal dXring sinXs rh\Whm is WreaWed as generic VT.

Long QT s\ndromes (ofWen congeniWal and inheriWed)
H\pomagnesemia
H\pokalemia
AnWiarrh\Whmic drXg Wo[iciW\ (ie, Class IA, qXinidine, procainamide, disop\ramide; Class IC, Áecainide; Class III,
soWalol, amiodarone)
OWher drXg Wo[iciWies (eg, Wric\clic anWidepressanWs, calciXm channel blockers, phenoWhia]ines)



Part 12: Managing Arrh\thmias

This Part discusses managing brad\cardia (sloZ heart rate) Zith a pulse and cardiopulmonar\ compromise and
tach\cardia (fast heart rate) Zith a palpable pulse and cardiopulmonar\ compromise. Providers should quickl\ treat
s\mptomatic arrh\thmias before the\ result in shock or cardiac arrest.

Learning ObjectiYe

After completing this Part, \ou should be able to describe clinical characteristics of instabilit\ in patients Zith
arrh\thmias.

You Zill also be e[pected to manage a child as outlined in the algorithms for brad\cardia Zith a pulse and
cardiopulmonar\ compromise and tach\cardia Zith a pulse and cardiopulmonar\ compromise.

Principles of Managing Pediatric Arrh\thmias

Whenever the child has an abnormal heart rate or rh\thm, \ou must quickl\ determine if the arrh\thmia is causing
hemod\namic instabilit\ or other signs of deterioration. The signs of instabilit\ in a patient Zith arrh\thmia include the
folloZing:

Priorities in initiall\ managing arrh\thmias are the same as the\ are for all criticall\ ill children: support the ABCs³
airZa\, breathing, and circulation³and treat the underl\ing cause.

Management: Pediatric Brad\cardia With a Pulse

The Pediatric Brad\cardia With a Pulse Algorithm (Figure 48) outlines the steps for evaluating and managing the child
Zho presents Zith s\mptomatic brad\cardia (brad\cardia Zith a pulse). Refer to the Critical Concepts bo[
S\mptomatic Brad\cardia and Cardiopulmonar\ Compromise in Part 11 for more information about s\mptomatic
brad\cardia and cardiopulmonar\ compromise. In the te[t that folloZs, numbers refer to the corresponding steps in
this algorithm.

Respirator\ distress or failure
Shock Zith poor end-organ perfusion, Zhich ma\ occur Zith or Zithout h\potension
Irritabilit\ or a decreased level of consciousness
Chest pain or a vague feeling of discomfort in older children
Sudden collapse



FLJXUH 48. PHGLaWULF
BUaG\FaUGLa WLWK a PXOVH
AOJRULWKP.

PDWLHQW ZLWK EUDG\FDUGLD (SWHS 1)

Once \ou identif\ s\mptomatic brad\cardia, assess for signs of cardiopulmonar\ compromise.

CriWical ConcepWV: AVVeVV for CardiopXlmonar\ CompromiVe (SWep 2)
Assess the child for signs of cardiopulmonar\ compromise, including

A child Zith primar\ brad\cardia ma\ beneÀt from evaluation b\ a pediatric cardiologist. HoZever, do not dela\
initiating emergenc\ treatment, including high-qualit\ CPR, if s\mptoms are present.

II WKHUH DUH VLJQV RI FDUGLRSXOPRQDU\ FRPSURPLVH, JR WR DVVHVVPHQW DQG VXSSRUW (SWHS 3):

II WKHUH DUH QR VLJQV RI FDUGLRSXOPRQDU\ FRPSURPLVH (SWHS 9),

SWDUW CPR LI KHDUW UDWH LV OHVV WKDQ 60/PLQ GHVSLWH R[\JHQDWLRQ DQG YHQWLODWLRQ (SWHS 4).

DHWHUPLQH LI EUDG\FDUGLD SHUVLVWV (SWHS 5).

If pulses, perfusion, and respirations are adequate, no emergenc\ treatment is needed. Monitor and continue
evaluating (Step 9).

II EUDG\FDUGLD DQG FDUGLRSXOPRQDU\ FRPSURPLVH SHUVLVW (SWHS 6),

If brad\cardia is associated Zith cardiopulmonar\ compromise (Critical Concepts bo[ Reassess for Cardiopulmonar\
Compromise) and if heart rate is less than 60/min despite effective o[\genation and ventilation, continue CPR. If the
brad\cardia persists, proceed Zith medication therap\ and possible pacing. Reassess the child frequentl\ in response
to each therap\ provided (Table 60).

TabOH 60. MaQaJLQJ S\PSWRPaWLF BUaG\FaUGLa WLWK CaUGLRSXOPRQaU\ CRPSURPLVH

EYDOXDWH IQWHUYHQWLRQV

ALUZa\ Support the airwa\ (position the child or allow the child to assume a position of
comfort) or open the airwa\ (perform manual airwa\ maneuver) if needed.

BUHaWKLQJ

H\potension
Acutel\ altered mental status: acutel\ decreased level of consciousness
Signs of shock

Maintain a patent airZa\.
Assist breathing and positive pressure ventilation and o[\gen as necessar\.
Use a cardiac monitor to identif\ rh\thm; monitor pulse, blood pressure, and o[imetr\.

Support ABCs as needed.
Consider o[\gen.
Observe and perform frequent reassessments.
Obtain a 12-lead ECG.
Identif\ and treat underl\ing causes.

Continue CPR.
Establish IV/IO access.
Administer epinephrine.
Administer atropine for increased vagal tone or primar\ AV block.
Consider transthoracic/transvenous pacing.
Identif\ and treat underl\ing causes.

Give O2 in high concentration³use a nonrebreathing mask if available.
Assist ventilation as indicated (eg, bag-mask ventilation).
Attach a pulse o[imeter to assess o[\genation.



CLUFXOaWLRQ

A child Zith primar\ brad\cardia ma\ beneÀt from evaluation b\ a pediatric cardiologist. HoZever, do not dela\
initiating emergenc\ treatment, including high-qualit\ CPR, if s\mptoms are present.

CKHFN SXOVH DQG UHDVVHVV UK\WKP (SWHS 7).

CKHFN WKH SXOVH HYHU\ 2 PLQXWHV. II D SXOVH LV QRW SUHVHQW, JR WR WKH PHGLDWULF CDUGLDF AUUHVW AOJRULWKP (SWHS
8) LQ PDUW 5: RHFRJQL]LQJ DQG MDQDJLQJ CDUGLDF AUUHVW.

If a pulse is present, reassess to determine if brad\cardia and cardiopulmonar\ compromise continue despite
o[\genation, ventilation, and CPR (Step 5). If brad\cardia and cardiopulmonar\ compromise have improved, support
ABCs as needed, consider o[\gen, observe and perform frequent reassessment, obtain a 12-lead ECG, and identif\
and treat underl\ing causes (Step 9). If the child is still brad\cardic Zith cardiopulmonar\ compromise, administer
medications, consider transthoracic/transvenous pacing, and identif\ and treat underl\ing causes.

MedLcaWLRQV

If brad\cardia and cardiopulmonar\ compromise continue despite o[\genation, ventilation, and CPR, administer
epinephrine. Consider atropine for increased vagal tone or primar\ AV block.

Epinephrine

Epinephrine is indicated for s\mptomatic brad\cardia that persists despite effective o[\genation and ventilation.
Epinephrine has both њ- and ћ-adrenergic activit\. ћ-adrenergic activit\ increases heart rate and cardiac contractilit\,
and њ-adrenergic activit\ causes vasoconstriction. The effects of epinephrine and other catecholamines ma\ be
reduced b\ acidosis and h\po[ia. This makes support of the airZa\, ventilation, o[\genation, and perfusion (Zith
chest compressions) essential.

For persistent brad\cardia, consider a continuous infusion of epinephrine (0.1 to 0.3 mcg/kg per minute). A
continuous epinephrine infusion ma\ be useful, particularl\ if the child has responded to a bolus of epinephrine.
Titrate the infusion dose to clinical response.

AWropine

Atropine sulfate is a paras\mpathol\tic (or anticholinergic) drug that accelerates sinus or atrial pacemakers and
enhances atrioventricular (AV) conduction. Administer atropine instead of epinephrine for brad\cardia caused b\
increased vagal tone, cholinergic drug to[icit\ (eg, organophosphates), or complete AV block. Atropine (and pacing)
are preferred over epinephrine as the Àrst-choice treatment of s\mptomatic AV block due to primar\ brad\cardia.
Atropine is not indicated for AV block from secondar\ brad\cardia (ie, treatable causes such as h\po[ia or acidosis).
The rationale for using atropine rather than epinephrine in these situations is that epinephrine can cause ventricular
arrh\thmias if the m\ocardium is chronicall\ abnormal or h\po[ic/ischemic. If the child does not respond to atropine,
use epinephrine.

Atropine ma\ be used for the treatment of second-degree AV block (Mobit] t\pes I and II) and third-degree AV block.
The healthcare provider should recogni]e, hoZever, that s\mptomatic AV block ma\ not respond to atropine and the
child ma\ require pacing.

Monitor blood pressure and assess perfusion.
Attach a monitor/deÀbrillator (with transcutaneous pacing capabilit\ if available).
Establish vascular access (IV or IO).
Check electrode pad position and skin contact to ensure that there are no
artifacts and that the ECG tracing is accurate.
Record a 12-lead ECG if available (do not dela\ therap\).
Obtain appropriate laborator\ studies (eg, potassium, glucose, ioni]ed calcium,
magnesium, blood gas for pH, to[icolog\ screen).

For IV/IO route, give 0.01 mg/kg (0.1 mL/kg of 0.1 mg/mL concentration)
For endotracheal route, give 0.1 mg/kg (0.1 mL/kg of 1 mg/mL concentration)
Repeat ever\ 3 to 5 minutes as needed

For IV/IO route, give 0.02 mg/kg; minimum 0.1 mg, ma[imum 0.5 mg

For endotracheal route, give 0.04 to 0.06 mg/kg.

² Ma\ repeat dose once, in 5 minutes.
² NRWe: Larger doses ma\ be required for organophosphate poisoning.



Tach\cardia ma\ folloZ atropine administration, but it is generall\ Zell tolerated in the pediatric patient.

CRQVLdeU TUaQVWKRUacLc/TUaQVYeQRXV PacLQJ

Temporar\ transthoracic/transvenous pacing ma\ be lifesaving in selected cases of brad\cardia caused b\ complete
heart block or abnormal sinus node function. For e[ample, pacing is indicated for AV block after surgical correction of
congenital heart disease.

IdeQWLf\ aQd TUeaW UQdeUO\LQJ CaXVeV

Identif\ and treat potentiall\ reversible causes and special circumstances that can cause brad\cardia. The 2 most
common potentiall\ reversible causes of brad\cardia are h\po[ia and increased vagal tone. Be aZare that after heart
transplantation, s\mpathetic nerve Àbers are no longer attached to the heart, so the response to s\mpathomimetic
drugs ma\ be unpredictable. For the same reason, anticholinergic drugs, such as atropine, ma\ be ineffective. Earl\
cardiac pacing ma\ be indicated in such patients.

Treat potentiall\ reversible causes of brad\cardia as shoZn in Table 61.

TabOH 61. TUHaWPHQW RI BUaG\FaUGLa CaXVHV

RHYHUVLEOH FDXVH 7UHDWPHQW

H\SR[La Give high-concentration supplemental O2 with assisted ventilation as necessar\.

H\GURJHQ LRQ (aFLGRVLV) Provide ventilation to treat respirator\ acidosis secondar\ to h\percarbia; consider
sodium bicarbonate in severe metabolic acidosis.

H\SHUNaOHPLa Restore normal potassium concentration.

H\SRWKHUPLa Warm the child as needed, but avoid h\perthermia if the patient has e[perienced a
cardiac arrest.

HHaUW bORFN For AV block, consider atropine, chronotropic drugs, and electrical pacing; obtain
e[pert consultation.

TR[LQV/SRLVRQV/GUXJV Treat with a speciÀc antidote and provide supportive care. Some to[icologic causes
of brad\arrh\thmias are

TUaXPa Head trauma: Brad\cardia in a child with head trauma is an ominous sign of high
intracranial pressure. Provide o[\genation and ventilation. A brief period of mild
h\perventilation ma\ occasionall\ be used as tempori]ing rescue therap\ in
response to signs of impending herniation (eg, irregular respirations or apnea,
brad\cardia, h\pertension, unequal or dilated pupil[s] not responsive to light,
decerebrate or decorticate posturing). Obtain immediate e[pert assistance for relief
of increased intracranial pressure.

PXOVeOeVV AUUeVW

If pulseless cardiac arrest develops, start CPR. Proceed according to the Pediatric Cardiac Arrest Algorithm (refer to
Part 5: Recogni]ing and Managing Cardiac Arrest).

² NRWe: IV/IO administration is preferred, but if it is not available, atropine can be administered b\ ET tube.
Because absorption of atropine given b\ the endotracheal route is unreliable, a larger dose (2-3 times the IV
dose) ma\ be required.

Stop all Áuids that contain potassium
Stabili]e m\ocardium: calcium (chloride or gluconate)
Shift intracellularl\: albuterol, sodium bicarbonate, insulin with glucose
administration
E[crete: loop diuretics, ka\e[alate
Remove: dial\sis

Cholinesterase inhibitors (organophosphates, carbamates, and nerve agents)
Calcium channel blockers
ћ-adrenergic blockers
Digo[in and other cardiac gl\cosides
Clonidine and other centrall\ acting њ2-adrenergic agonists
Opioids
Succin\lcholine



Managing Tach\arrh\thmias

PXOVeOeVV AUUeVW IQLWLaO MaQaJePeQW QXeVWLRQV

AnsZer the folloZing questions to direct \our initial management of a criticall\ ill or injured child Zith a rapid heart
rate:

DRHV WKH FKLOG KDYH D SXOVH (RU VLJQV RI FLUFXODWLRQ)?

IQLWLaO MaQaJePeQW PULRULWLeV

As soon as \ou recogni]e a tach\arrh\thmia in an infant or child, assess and look for signs of h\potension, altered
mental status, shock (ie, poor perfusion), or life-threatening hemod\namic instabilit\. Initial management priorities
include the folloZing:

EPeUJeQc\ IQWeUYeQWLRQV

SpeciÀc emergenc\ interventions used to treat tach\arrh\thmias Zith a pulse are dictated b\ the severit\ of the child·s
condition. Treatments also var\ based on the Zidth of the observed QRS comple[ (narroZ vs Zide). Interventions
ma\ include the folloZing:

Vagal ManeXYerV

In normal infants and children, the heart rate decreases Zhen the vagus nerve is stimulated. In patients Zith SVT,
vagal stimulation ma\ terminate the tach\cardia b\ sloZing conduction through the AV node. Several maneuvers can
stimulate vagal activit\. The success rates of these maneuvers in terminating tach\arrh\thmias var\, depending on
the child·s age, level of cooperation, and underl\ing condition.

CriWical ConcepWV: Vagal ManeXYerV
Ice to the face is a vagal maneuver that can be performed in infants and children of all ages (Figure 49). Fill a small
plastic bag Zith a mi[ture of ice and Zater. Appl\ it to the upper half of the child·s face for 15 to 20 seconds. Do not
occlude the nose or mouth.

If no, initiate the Pediatric Cardiac Arrest Algorithm (refer to Part 5: Recogni]ing and Managing Cardiac Arrest).

If \es, proceed Zith the Tach\cardia Algorithm.

² NRWe: Because the accurac\ of a pulse check is poor, recogni]ing cardiac arrest ma\ require that \ou identif\
the absence of signs of circulation (ie, the child is unresponsive, is not breathing or onl\ gasping). With
invasive monitoring of arterial pressure, absence of arterial Zaveform is observed.

Maintain a patent airZa\; assist breathing as necessar\.
Use a cardiac monitor to identif\ the rh\thm, and monitor pulse, blood pressure, and o[imetr\.
Establish IV/IO access.
Obtain a 12-lead ECG if available (but do not dela\ urgent intervention).
Obtain laborator\ studies (eg, potassium, glucose, ioni]ed calcium, magnesium, blood gas to assess pH and
cause of pH changes) as appropriate. NRWe: Do not dela\ urgent intervention for these studies.
Assess neurologic status.
Anticipate the need for medications depending on the t\pe of rh\thm disturbance (ie, supraventricular vs
ventricular).
Simultaneousl\ tr\ to identif\ and treat reversible causes.

Vagal maneuvers (if the child Zith a narroZ-comple[ tach\cardia is stable)
Medication therap\
S\nchroni]ed cardioversion



FLJXUH 49. VaJaO PaQHXYHUV.
NRWH WKaW WKH baJ RI LFH
ZaWHU GRHV QRW FRYHU WKH
QRVH RU PRXWK aQG GRHV QRW
RbVWUXFW YHQWLOaWLRQ.

Support the child·s airZa\, breathing, and circulation. If possible, obtain a 12-lead ECG before and after the
maneuver; record and monitor the ECG continuousl\ during the maneuver. If Whe chiOd iV VWabOe and the rh\thm does
not convert, \ou ma\ repeat the attempt. If the second attempt fails, select another method or provide medication
therap\. If Whe chiOd iV XQVWabOe, attempt vagal maneuvers onl\ Zhile making preparations for pharmacologic or
electrical cardioversion. Do not dela\ deÀnitive treatment to perform vagal maneuvers.

MedicaWion Therap\

Table 62 revieZs common agents used in managing tach\arrh\thmias.

TabOH 62. MHGLFaWLRQ TKHUaS\ UVHG LQ WKH PHGLaWULF TaFK\FaUGLa WLWK a PXOVH AOJRULWKP

DUXJ IQGLFDWLRQV/SUHFDXWLRQV DRVDJH/DGPLQLVWUDWLRQ

AGHQRVLQH IQGLFaWLRQV

MHFKaQLVP RI AFWLRQ

PUHFaXWLRQV

DRVH

AGPLQLVWUaWLRQ

APLRGaURQH IQGLFaWLRQV DRVH

ChiOdUeQ ROd eQRXgh WR cRRSeUaWe caQ SeUfRUP a VaOVaOYa PaQeXYeU b\ bORZiQg WhURXgh a QaUURZ VWUaZ
DR QRW XVe RcXOaU SUeVVXUe becaXVe iW Pa\ SURdXce UeWiQaO iQMXU\

Drug of choice for treating SVT
Effective for SVT caused b\ reentr\ at the AV
node (both accessor\ pathwa\ and AV nodal
reentr\ mechanisms)
Ma\ be helpful in distinguishing atrial Áutter
from SVT
Not effective for treating atrial Áutter, atrial
Àbrillation, or tach\cardias caused b\
mechanisms other than reentr\ through the AV
node

Blocks conduction through the AV node
temporaril\ (for about 10 seconds)

A common cause of adenosine cardioversion
´failureµ is that the drug is administered too
slowl\ or with inadequate IV Áush.
A brief period (10-15 seconds) of brad\cardia
(as\stole or third-degree heart block) ma\
ensue after administration of adenosine (Figure
50); consider warning caregiver and patient, if
age appropriate, that brad\cardia can be ver\
uncomfortable.

With continuous ECG monitoring, administer
0.1 mg/kg (ma[imum initial dose 6 mg) as a
rapid IV bolus.
If the drug is effective, the rh\thm will convert to
sinus rh\thm within 15 to 30 seconds after
administration (Figure 50).
If there is no effect, give 1 dose of 0.2 mg/kg
(ma[imum second dose 12 mg); this dose is
more likel\ to be needed when the drug is
administered into a peripheral (rather than
central) vein.
Decrease the initial dose b\ appro[imatel\ 75%
for patients receiving carbama]epine or
dip\ridamole or those with transplanted hearts.

Because adenosine has a short half-life (<10
seconds), administer as rapidl\ as possible.
The drug is rapidl\ taken up b\ vascular
endothelial cells and red blood cells and
metaboli]ed b\ an en]\me on the surface of
red blood cells (adenosine deaminase).
To enhance deliver\ to the site of action in the
heart, use a rapid Áush technique (5-10 mL
normal saline).
Adenosine ma\ be given b\ the IO route.

Ma\ be considered when treating
hemod\namicall\ unstable SVT refractor\ to
vagal maneuvers, adenosine, and cardioversion
and for whom e[pert consultation is not
available
Can be used for treating a wide variet\ of atrial
and ventricular tach\arrh\thmias in children
Safe and effective for hemod\namicall\
unstable VT in children

For supraventricular and ventricular arrh\thmias
with poor perfusion, a loading dose of 5 mg/kg
infused over 20 to 60 minutes is recommended
(ma[imum single dose: 300 mg). Because this
drug can cause h\potension and decrease
cardiac contractilit\, a slower rate of deliver\ is
recommended for treating a perfusing rh\thm
than for cardiac arrest. Providers must weigh
the potential for causing h\potension against
the need to achieve a rapid drug effect.



MHFKaQLVP RI AFWLRQ

PUHFaXWLRQV

AGPLQLVWUaWLRQ

FLJXUH 50. SVT FRQYHUWLQJ WR
VLQXV UK\WKP ZLWK
aGPLQLVWUaWLRQ RI aGHQRVLQH.

S\nchroni]ed CardioYerVion

Electrical cardioversion is painful. Whenever possible, establish vascular access and provide procedural sedation and
analgesia before cardioversion, especiall\ in a hemod\namicall\ stable infant or child. If the child·s condition is
unstable, do not dela\ s\nchroni]ed cardioversion to achieve vascular access. Sedation in the setting of an
arrh\thmia carries increased risk. When providers give procedural sedation in this setting, the\ must carefull\ select
medications to minimi]e hemod\namic effects. If \our patient is stable and \ou are considering cardioversion, seek
e[pert consultation.

The ne[t section discusses the folloZing important concepts about cardioversion:

DHOLYHULQJ S\QFKURQL]HG SKRFNV

Manual deÀbrillators are capable of delivering both uns\nchroni]ed and s\nchroni]ed shocks. If the shock is
uns\nchroni]ed, it is delivered at an\ time in the cardiac c\cle. S\nchroni]ed shocks are used for cardioversion from
SVT and VT Zith a pulse. If the shock is s\nchroni]ed, shock deliver\ is timed to coincide Zith the R Zave of the
patient·s QRS comple[. The goal is to prevent VF that could result from deliver\ of the shock during the vulnerable
period of the T Zave. When \ou press the Shock button to deliver a s\nchroni]ed shock, the deÀbrillator/cardioverter
ma\ seem to pause before it delivers a shock because it is Zaiting to s\nchroni]e shock deliver\ Zith the ne[t QRS
comple[. For pulseless rh\thms, it clinicall\ does not matter Zhether the shock is s\nchroni]ed; accordingl\,
uns\nchroni]ed shocks (eg, deÀbrillations) are used for both VF and pVT. Refer to the Critical Concepts bo[
Cardioversion (for Unstable SVT or VT With a Pulse) later in this Part for a description of the procedure.

IPSRUWDQW FRQVLGHUDWLRQV: In theor\, s\nchroni]ation is simple. The operator pushes the S\nc button on the
deÀbrillator, charges the device, and delivers the shock. HoZever, in practice there can be potential problems, such as

Inhibits њ-and ћ-adrenergic receptors,
producing vasodilation and AV nodal
suppression (this slows conduction through the
AV node)
Inhibits the outward potassium current so it
prolongs the QT duration
Inhibits sodium channels, which slows
conduction in the ventricles and prolongs QRS
duration

Drug effects ma\ be beneÀcial in some patients
but ma\ also increase the risk for pol\morphic
VT (torsades de pointes) b\ prolonging the QT
interval.
Potential signiÀcant acute side effects of
amiodarone include brad\cardia, h\potension,
and pol\morphic VT.
Use with caution if hepatic failure is present.
Because the pharmacolog\ of amiodarone is
comple[, and it has slow and incomplete oral
absorption, long half-life, and potential for long-
term adverse effects, a pediatric cardiologist or
similarl\ e[perienced provider should direct
long-term amiodarone therap\.

Repeat doses of 5 mg/kg ma\ be given up to a
ma[imum of 15 mg/kg per da\ as needed
(should not e[ceed the ma[imum
recommended adult cumulative dail\ dose of
2.2 g over 24 hours).

Rapid administration of amiodarone ma\ cause
vasodilation and h\potension; it ma\ also cause
heart block or pol\morphic VT.
Monitor blood pressure frequentl\ during
administration.
Seek e[pert consultation when using
amiodarone.
Routine use of amiodarone and another agent
that prolongs the QT interval (eg, procainamide)
is not recommended.

DeÀnition of s\nchroni]ed cardioversion
Potential problems Zith s\nchroni]ed shocks
Indications for the use of s\nchroni]ed cardioversion
Energ\ doses



IQGLFDWLRQV: Use s\nchroni]ed cardioversion for

EQHUJ\ GRVH: In general, cardioversion requires less energ\ than deÀbrillation does. Start Zith an energ\ dose of 0.5
to 1 J/kg for cardioversion of SVT or VT Zith a pulse. If the initial dose is ineffective, increase the dose to 2 J/kg. The
e[perienced provider ma\ increase the shock dose more graduall\ (eg, 0.5 J/kg, and then 1 J/kg, folloZed b\ 2 J/kg
for subsequent doses). If the rh\thm does not convert to sinus rh\thm, reevaluate the diagnosis of SVT vs ST. Sedate
if needed, but don·t dela\ cardioversion.

CriWical ConcepWV: CardioYerVion (for UnVWable SVT or VT WiWh a PXlVe)
Consider e[pert consultation for suspected VT.

NRWe: If VF develops, immediatel\ begin CPR and prepare to deliver an uns\nchroni]ed shock as soon as possible.
Refer to the Critical Concepts bo[ Manual DeÀbrillation (for VF or pVT) in Part 5.

OWher Emergenc\ InWerYenWionV

Man\ other interventions (eg, digo[in, short-acting ћ-blockers, overdrive pacing) have been used to treat children Zith
SVT but should be reserved for e[pert consultation.

Verapamil, a calcium channel blocking agent, should not be used routinel\ to treat SVT in infants because refractor\
h\potension and cardiac arrest have been reported after administration. Use verapamil Zith caution in children
because it ma\ cause h\potension and m\ocardial depression. If using verapamil in children 1 \ear or older, infuse
the drug in a dose of 0.1 mg/kg (up to 5 mg) over at least 2 minutes Zith continuous ECG monitoring.

In most units, the S\nc button must be activated each time s\nchroni]ed cardioversion is attempted. Most devices
Zill default to an uns\nchroni]ed shock immediatel\ after deliver\ of a s\nchroni]ed shock.
If the R Zaves of a tach\cardia are undifferentiated or of loZ amplitude, the monitor sensors ma\ be unable to
identif\ them and therefore Zill not deliver the shock. If this occurs, increase the gain of the ECG lead being
monitored or select a different ECG lead.
S\nchroni]ation ma\ take e[tra time (eg, if it is necessar\ to attach separate ECG electrodes or if the operator is
unfamiliar Zith the equipment).

Hemod\namicall\ unstable patients (poor perfusion, h\potension, or heart failure) Zith tach\arrh\thmias (SVT,
atrial Áutter, VT), but Zith palpable pulses
Elective cardioversion, under the direction of a pediatric cardiologist, for children Zith hemod\namicall\ stable
SVT, atrial Áutter, or VT Zith a pulse

1. Turn on the deÀbrillator.
2. Set lead sZitch to paddles (or lead I, II, or III if monitor leads are used).
3. Select adhesive pads or paddles. Use the largest pads or paddles that can Àt on the patient·s chest Zithout

touching each other.
4. If using paddles, appl\ conductive gel or paste. Be sure cables are attached to the deÀbrillator.
5. Consider sedation.
6. Select s\nchroni]ed mode.
7. Look for markers on R Zaves indicating that s\nc mode is operative. If necessar\, adjust monitor gain until s\nc

markers occur Zith each R Zave.
8. Select energ\ dose:

Initial dose: 0.5 to 1 J/kg
Subsequent doses: 2 J/kg

9. Announce ´Charging deÀbrillator,µ and press charge on the deÀbrillator controls or ape[ paddle.
10. When the deÀbrillator is full\ charged, Àrml\ state, ´I am going to shock on 3.µ Then count and sa\, ´All clear!µ
11. After conÀrming all personnel are clear of the patient, press the Shock button on the deÀbrillator or press both

paddle discharge buttons simultaneousl\. Hold paddles in place until the shock is delivered.
12. Check the monitor. If tach\cardia persists, prepare to attempt cardioversion again.
13. Reset the s\nc mode and increase the energ\ dose. You must reset the s\nc mode after each s\nchroni]ed

cardioversion because most deÀbrillators default back to uns\nchroni]ed mode after s\nchroni]ed shock
deliver\. This default alloZs an immediate deÀbrillation (nons\nchroni]ed) shock if the cardioversion produces
VF.



Summar\ of Emergenc\ InterYentions

The speciÀc emergenc\ interventions listed in Table 63 are used to treat tach\arrh\thmias Zith pulses, based on the
Zidth of the observed QRS comple[ (narroZ vs Zide).

TabOH 63. EPHUJHQF\ IQWHUYHQWLRQV IRU TaFK\aUUK\WKPLaV WLWK PXOVHV

IQWHUYHQWLRQ NDUURZ-FRPSOH[ WDFK\DUUK\WKPLD :LGH-FRPSOH[ WDFK\DUUK\WKPLD

VaJaO PaQHXYHUV Used for SVT Used for SVT with aberranc\

MHGLFaWLRQ WKHUaS\ Used for SVT:

Used for other SVT with a pulse (eg, atrial
Áutter): Seek e[pert consultation

Used for VT with palpable pulses:

Used for torsades de pointes:

Used for SVT with abnormal/aberrant
intraventricular conduction:

S\QFKURQL]HG
FaUGLRYHUVLRQ

Used for Used for VT with palpable pulses

Pediatric Tach\cardia With a Pulse Algorithm

The Pediatric Tach\cardia With a Pulse Algorithm (Figure 51) outlines the steps for assessing and managing a child
presenting Zith s\mptomatic tach\cardia Zith or Zithout cardiopulmonar\ compromise.

FLJXUH 51. PHGLaWULF
TaFK\FaUGLa WLWK a PXOVH
AOJRULWKP.

IQLWLDO DVVHVVPHQW DQG VXSSRUW (SWHS 1):

EYDOXDWH UK\WKP ZLWK 12-OHDG ECG RU PRQLWRU (SWHS 2):

PUREDEOH VLQXV WDFK\FDUGLD LI (SWHS 3):

Adenosine
Amiodarone (seek e[pert consultation)
Procainamide (seek e[pert consultation)
Verapamil for children <1 \ear of age (seek
e[pert consultation)

Amiodarone (seek e[pert consultation)
Procainamide (seek e[pert consultation)

Magnesium

Adenosine
Amiodarone (seek e[pert consultation)
Procainamide (seek e[pert consultation)

SVT
Atrial Áutter (seek e[pert consultation)

Maintain a patent airZa\; assist breathing as necessar\.
Administer o[\gen.
Use a cardiac monitor to identif\ the rh\thm; monitor pulse, blood pressure, and o[imetr\.
Establish IV/IO access.
Obtain 12-lead ECG if available.

Determine if this is sinus tach\cardia or a tach\arrh\thmia.

P Zaves present/normal
Variable RR interval



SHDUFK IRU DQG WUHDW FDXVH (SWHS 4).

AVVHVV IRU FDUGLRSXOPRQDU\ FRPSURPLVH (SWHS 5):

II WKHUH DUH VLJQV RI FDUGLRSXOPRQDU\ FRPSURPLVH, HYDOXDWH QRS GXUDWLRQ (SWHS 6):

II QDUURZ QRS FRPSOH[ (0.09 VHFRQGV RU OHVV), WUHDW DV SUREDEOH VXSUDYHQWULFXODU WDFK\FDUGLD (SWHS 7):

AGPLQLVWHU DGHQRVLQH RU SHUIRUP V\QFKURQL]HG FDUGLRYHUVLRQ (SWHS 8):

II ZLGH FRPSOH[ (JUHDWHU WKDQ 0.09 VHFRQGV), WUHDW DV SRVVLEOH 97 (SWHS 9).

PHUIRUP V\QFKURQL]HG FDUGLRYHUVLRQ (SWHS 10):

II WKHUH DUH QR VLJQV RI FDUGLRSXOPRQDU\ FRPSURPLVH, HYDOXDWH QRS GXUDWLRQ (SWHS 11):

II QDUURZ FRPSOH[ (0.09 VHFRQGV RU OHVV), WUHDW DV SUREDEOH VXSUDYHQWULFXODU WDFK\FDUGLD (SWHS 12):

CRQVLGHU YDJDO PDQHXYHUV (SWHS 13):

In the stable patient Zith SVT, tr\ the folloZing:

Infant rate usuall\ less than 220/min
Child rate usuall\ less than 180/min

Acutel\ altered mental status
Signs of Shock
H\potension

This is to characteri]e if the QRS comple[ is narroZ (0.09 sec or less) or Zide (greater than 0.09).

P Zaves are absent/abnormal.
Respirator\ rate interval is not variable.
Infant rate is usuall\ 220/min or greater.
Child rate is usuall\ 180/min or greater.
Histor\ of abrupt rate change.

If IV/IO access is present, give adenosine. Adenosine is the drug of choice for most common forms of SVT caused
b\ a reentrant pathZa\ involving the AV node. For IV/IO route, give 0.1 mg/kg (ma[imum Àrst dose 6 mg). If the
Àrst dose is ineffective, \ou ma\ give 1 dose of 0.2 mg/kg (ma[imum second dose 12 mg). Use a rapid bolus Zith
a UaSid ÁXVh 2-s\ringe technique (5-10 mL normal saline).
If IV/IO access is not available, or if adenosine is ineffective, perform s\nchroni]ed cardioversion. In general,
cardioversion requires less energ\ than deÀbrillation does. Start Zith an energ\ dose of 0.5 to 1 J/kg for
cardioversion of SVT. If the initial dose is ineffective, increase the dose to 2 J/kg. The e[perienced provider ma\
increase the shock dose more graduall\ (eg, 0.5 J/kg, and then 1 J/kg, folloZed b\ 2 J/kg for subsequent doses).
If the rh\thm does not convert to sinus rh\thm, reevaluate the diagnosis of SVT vs sinus tach\cardia (ST). Sedate
if needed but don·t dela\ cardioversion

E[pert consultation is advised before an\ additional drug therapies are administered for treatment of a Zide-
comple[ tach\cardia.

This is to characteri]e if the QRS comple[ is narroZ (0.09 sec or less) or Zide (greater than 0.09).

P Zaves are absent/abnormal.
Respirator\ rate interval is not variable.
Infant rate is usuall\ 220/min or greater.
Child rate is usuall\ 180/min greater.
Histor\ of abrupt rate change

Place a bag Zith ice Zater over the upper half of an infant·s face (Zithout obstructing the airZa\).
Ask older children to bear doZn, bloZ through an obstructed straZ, or tr\ to push the plunger out of a 10 mL
s\ringe b\ bloZing into the tip.
Monitor and record the ECG continuousl\ before, during, and after attempted vagal maneuvers. If the maneuvers
fail, \ou ma\ attempt them a second time. Do not appl\ ocular pressure. For more information, refer to the Critical
Concepts bo[ Vagal Maneuvers earlier in this Part.



II I9/IO DFFHVV LV SUHVHQW, JLYH DGHQRVLQH (SWHS 14):

II ZLGH FRPSOH[ (JUHDWHU WKDQ 0.09 VHFRQG), WUHDW DV SRVVLEOH 97 (SWHS 15).

II UK\WKP LV UHJXODU DQG QRS PRQRPRUSKLF, FRQVLGHU DGHQRVLQH (SWHS 16):

E[SHUW FRQVXOWDWLRQ LV UHFRPPHQGHG. II D FKLOG ZLWK D ZLGH-FRPSOH[ WDFK\FDUGLD LV KHPRG\QDPLFDOO\ VWDEOH,
HDUO\ FRQVXOWDWLRQ ZLWK D SHGLDWULF FDUGLRORJLVW RU RWKHU SURYLGHU ZLWK DSSURSULDWH H[SHUWLVH LV VWURQJO\
UHFRPPHQGHG (SWHS 17).

Pharmacologic ConYerVion

Establish vascular access and consider administering one of the folloZing medications:

Seek e[pert consultation Zhen giving amiodarone or procainamide. Do not routinel\ administer amiodarone and
procainamide together or Zith other medications that prolong the QT interval. If these initial efforts do not terminate
the rapid rh\thm, reevaluate the rh\thm.

II QRW DOUHDG\ DGPLQLVWHUHG, FRQVLGHU DGHQRVLQH, EHFDXVH D ZLGH-FRPSOH[ WDFK\FDUGLD FRXOG EH S97 ZLWK
DEHUUDQW YHQWULFXODU FRQGXFWLRQ (SWHS 12).

For SVT resistant to vagal maneuvers, establish vascular access and administer adenosine. Adenosine is the
drug of choice for most common forms of SVT caused b\ a reentrant pathZa\ involving the AV node. For IV/IO
route, give 0.1 mg/kg (ma[imum Àrst dose 6 mg). If the Àrst dose is ineffective, \ou ma\ give 1 dose of 0.2 mg/kg
(ma[imum second dose 12 mg). Use a rapid bolus Zith a UaSid ÁXVh 2-s\ringe technique (5-10 mL normal saline).

Avoid adenosine if rh\thm is irregular as this ma\ result in an unstable rh\thm.

Amiodarone: For IV/IO route, give 5 mg/kg over 20 to 60 minutes.
Procainamide: For IV/IO route, give 15 mg/kg over 30 to 60 minutes.



Part 13: Post²Cardiac Arrest Care

As soon as ROSC deYelops after cardiac arrest or resuscitation from seYere shock or respirator\ failure, a s\stematic
approach to assessment and support of the respirator\, cardioYascular, and neurologic s\stems, including proYiding
targeted temperature management, is critical. Although effectiYe resuscitation is a major focus of the PALS ProYider
Course, ultimate outcome is often determined b\ the subsequent care the child receiYes. This includes safe transport
to a center Zith e[pertise in caring for seriousl\ ill or injured children.

One objectiYe of optimal post²cardiac arrest care is to aYoid common causes of both earl\ and late morbidit\ and
mortalit\. Earl\ mortalit\ can be caused b\ hemod\namic instabilit\ and respirator\ complications. Late morbidit\ and
mortalit\ can result from multiorgan failure, including brain injur\.

The e[tent of post²cardiac arrest eYaluation and management is inÁuenced b\ the PALS proYider·s scope of practice
and aYailable resources.

LeaUQLQg ObMecWLYe

After completing this Part, \ou should be able to implement post²cardiac arrest care.

During the course \ou Zill learn about the phases of post²cardiac arrest care. This Zill include optimi]ing
o[\genation, Yentilation, and perfusion, stabili]ing cardiopulmonar\ function, and proYiding neurologic care, including
targeted temperature management.

GRaOV Rf TKeUaS\

For optimal post²cardiac arrest care, identif\ and treat organ s\stem d\sfunction. This includes

Post²cardiac arrest management consists of 2 general phases to stabili]e the child.

The Àrst phase is immediate post²cardiac arrest management. During this phase \ou Zill continue to proYide
adYanced life support for immediate life-threatening conditions and focus on the ABCs:

In the second phase of post²cardiac arrest management, proYide broader multiorgan supportiYe care, including
targeted temperature management. After the child is stabili]ed, coordinate transfer or transport to a tertiar\ care
setting as appropriate.

PULPaU\ GRaOV

The primar\ goals of post²cardiac arrest management are to

ProYiding adequate o[\genation and Yentilation
Supporting tissue perfusion and cardioYascular function
AYoiding h\potension
Correcting acid-base and electrol\te imbalances
Maintaining appropriate glucose concentration
ProYiding targeted temperature management: aYoiding h\perthermia and considering need for therapeutic
h\pothermia
Ensuring adequate analgesia and sedation

AirZa\ and Breathing: Assess and support airZa\, o[\genation, and Yentilation. At this time, \ou Zill t\picall\ use
diagnostic equipment and assessments³such as monitoring end-tidal CO2 b\ capnograph\, arterial blood gas
anal\sis, and chest [-ra\³to further establish the adequac\ of o[\genation and Yentilation and to conÀrm
endotracheal (ET) tube position in the mid-trachea.
Circulation: Assess and maintain adequate blood pressure and perfusion. Treat arrh\thmias. Diagnostic
assessments³such as lactate concentration, central Yenous O2 saturation, and base deÀcit³proYide information
on adequac\ of tissue perfusion. As \ou proceed Zith eYaluation, identif\ and treat an\ reYersible or contributing
causes of the arrest or critical illness.



PRVW²CaUdLac AUUeVW CaUe CKecNOLVW

This checklist (Figure 52) includes a s\stematic approach to assessing and caring for the child after cardiac arrest.
Assess the child b\ using the s\stematic approach (refer to Part 4: S\stematic Approach to the Seriousl\ Ill or Injured
Child). In addition to the primar\ assessment, \our eYaluation Zill often include the secondar\ assessment as Zell as
diagnostic eYaluation. The secondar\ assessment is a reYieZ of patient histor\ and a focused ph\sical e[amination.
Diagnostic eYaluation includes inYasiYe and noninYasiYe monitoring and appropriate laborator\ and nonlaborator\
tests.

This Part discusses eYaluation and management of the folloZing s\stems during the post²cardiac arrest period:

Figure 52. Post–Cardiac
Arrest Care Checklist.

ReVSLUaWRU\ S\VWeP

MaQagePeQW PULRULWLeV

Continue to monitor and support the child·s airZa\, o[\genation, and Yentilation. Look for clinical signs and objectiYe
measurements of adequate o[\genation and Yentilation. (Refer to Part 7: Recogni]ing Respirator\ Distress and
Failure for more information on assessment of the respirator\ s\stem.) During resuscitation, high-ÁoZ O2, inhaled
medications, and ET intubation ma\ be required. In the post²cardiac arrest phase, electiYe intubation ma\ be
appropriate to achieYe airZa\ control and support the child during diagnostic studies, such as a computed
tomograph\ scan. If the child is being manuall\ Yentilated, transition to mechanical Yentilation.

The goals of respirator\ management in the immediate post²cardiac arrest period are listed in Table 64.

Table 64. Goals of Respiratory Management in Immediate Post–Cardiac Arrest Period

GRaO CRQVLdeUaWLRQV

Maintain adequate oxygenation
(generally an O2 saturation of 94%-99%)
to reduce the risk of reperfusion injury

Once ROSC iV achieYed, WiWUaWe O2 adminiVWUaWion Wo WaUgeW noUmo[emia Zhile
enVXUing WhaW h\po[emia iV VWUicWl\ aYoided. MainWain an O2 VaWXUaWion of 94%-99%,
aYoiding h\po[emia and h\peUo[ia (an O2 VaWXUaWion of 100% can coUUeVpond Wo a
Pa22 of an\ZheUe beWZeen 80 and appUo[imaWel\ 500 mm Hg).
DeWeUmining opWimal Pa22 and O2 VaWXUaWion UeTXiUeV eYalXaWion of Whe child·V
aUWeUial O2 conWenW becaXVe iW iV an impoUWanW deWeUminanW of WiVVXe O2 deliYeU\. If
Whe child iV anemic, WiVVXe O2 deliYeU\ ma\ be beWWeU mainWained b\ achieYing a high

Optimi]e and stabili]e airZa\, o[\genation, Yentilation, and cardiopulmonar\ function Zith emphasis on restoring
and maintaining Yital organ perfusion and function (especiall\ of the brain)
PreYent secondar\ organ injur\
Identif\ and treat the cause of acute illness
Institute measures that ma\ improYe long-term, neurologicall\ intact surYiYal
Minimi]e the risk of deterioration of the child during transport to a higher leYel of care

Respirator\ s\stem
CardioYascular s\stem
Neurologic s\stem



Pa22 and O2 VaWXUaWion. In compaUiVon, an O2 VaWXUaWion of 94%-100% iV W\picall\
adeTXaWe in a child ZiWh a noUmal hemoglobin concenWUaWion and noUmal O2
conVXmpWion and no c\anoWic heaUW diVeaVe. ThXV, o[\gen iV WiWUaWed Wo a YalXe
appUopUiaWe Wo Whe VpeciÀc paWienW condiWion.

Maintain adequate ventilation and PaC22
appropriate to the patient

IW iV UeaVonable Wo WaUgeW a PaC22 (oU end-Widal CO2 if PaC22 iV XnaYailable) WhaW iV
appUopUiaWe Wo each child·V clinical condiWion and Wo limiW e[poVXUe Wo VeYeUe
h\peUcapnia oU h\pocapnia. FoU e[ample, foU moVW paWienWV ZiWh neXUologic injXU\, a
noUmal PaC22 iV deViUable Wo aYoid h\pocapnia (h\pocaUbia) oU h\peUcapnia
(h\peUcaUbia). HoZeYeU, in childUen ZiWh aVWhma and UeVpiUaWoU\ failXUe, Uapid
coUUecWion of h\peUcaUbia iV XnneceVVaU\. ConYeUVel\, in childUen ZiWh congeniWal
heaUW diVeaVe and pXlmonaU\ h\peUWenVion, h\peUcaUbia mXVW be aYoided.
EffoUWV Wo achieYe noUmocaUbia ZiWh mechanical YenWilaWion in a child ZiWh aVWhma
coXld UeVXlW in complicaWionV VXch aV pneXmoWhoUa[.

GeQeUaO RecRPPeQdaWLRQV

General recommendations for assessment and management of the respirator\ s\stem ma\ include those listed in
Table 65.

Table 65. General Recommendations for Assessing and Managing the Respiratory System

AVVeVVPeQW

Monitoring

Providers must use both clinical assessment and confirmatory devices (such as monitoring of exhaled
CO2) to verify proper tube placement immediately after intubation, during transport, and when the child
is moved (eg, from gurney to bed).

Physical examination

Laboratory tests

Other tests

MaQagePeQW

Oxygenation

Ventilation

Respiratory failure

ConWinXoXVl\ moniWoU Whe folloZing paUameWeUV (aW a minimXm):
Sp22 and heaUW UaWe b\ pXlVe o[imeWU\ (compaUe pXlVe o[imeWU\ heaUW UaWe ZiWh ECG and pXlVe UaWe
Wo enVXUe WhaW pXlVe o[imeWeU YalXeV aUe accXUaWe)
HeaUW UaWe and Uh\Whm
If Whe paWienW iV inWXbaWed, moniWoU end-Widal CO2 b\ capnogUaph\ if eTXipmenW and e[peUWiVe aUe
aYailable, oU inWeUmiWWenWl\ conÀUm e[haled CO2 b\ coloUimeWUic deYice. AlZa\V moniWoU e[haled CO2
b\ eiWheU capnogUaph\ oU coloUimeWUic deYice dXUing inWUahoVpiWal and inWeUhoVpiWal WUanVpoUW Wo aid in
immediaWe deWecWion of inadYeUWenW e[WXbaWion.
If Whe child iV alUead\ inWXbaWed, YeUif\ WXbe poViWion, openneVV/paWenc\, and VecXUiW\.
AfWeU pUopeU WXbe poViWion iV conÀUmed, enVXUe WhaW Whe WXbe iV Zell Waped and WhaW WXbe poViWion aW
Whe lip oU gXm iV docXmenWed.

ObVeUYe foU adeTXaWe and eTXal cheVW UiVe bilaWeUall\ and aXVcXlWaWe foU abnoUmal oU aV\mmeWUic
bUeaWh VoXndV.
MoniWoU foU eYidence of UeVpiUaWoU\ compUomiVe (eg, Wach\pnea, incUeaVed ZoUk of bUeaWhing,
agiWaWion, decUeaVed UeVponViYeneVV, pooU aiU e[change, c\anoViV) oU inadeTXaWe UeVpiUaWoU\ effoUW.

ObWain an aUWeUial Vample foU aUWeUial blood gaV anal\ViV if poVVible. If Whe child iV mechanicall\
YenWilaWed, obWain Whe aUWeUial blood gaV 10-15 minXWeV afWeU eVWabliVhing iniWial YenWilaWoU VeWWingV;
ideall\, coUUelaWe blood gaVeV ZiWh capnogUaphic end-Widal CO2 Wo enable noninYaViYe moniWoUing of
YenWilaWion.

ObWain a cheVW [-Ua\ Wo YeUif\ coUUecW depWh of Whe ET WXbe inVeUWion and poViWion in Whe mid-WUachea,
and Wo idenWif\ pXlmonaU\ condiWionV WhaW ma\ UeTXiUe VpeciÀc WUeaWmenW (eg, pneXmoWhoUa[,
aVpiUaWion).

If Whe child iV noW inWXbaWed, pUoYide VXpplemenWal O2 ZiWh a paUWial oU a nonUebUeaWhing maVk XnWil
\oX conÀUm adeTXaWe Sp22.
AfWeU ROSC, adjXVW inVpiUed O2 concenWUaWion Wo achieYe an Sp22 of 94%-99%.
If Whe child haV an Sp22 of <90% Zhile UeceiYing 100% inVpiUed O2, conVideU noninYaViYe YenWilaWoU\
VXppoUW oU ET inWXbaWion ZiWh mechanical YenWilaWion and poViWiYe end-e[piUaWoU\ pUeVVXUe.
If Whe child haV a c\anoWic caUdiac leVion, adjXVW Whe O2 VaWXUaWion goal Wo Whe child·V baVeline Sp22
and clinical VWaWXV.

AVViVW YenWilaWion aV needed, WaUgeWing a noUmal PaC22 (oU ETCO2 if PaC22 iV XnaYailable) (ie, 35-45
mm Hg) if Whe child·V lXng fXncWion ZaV pUeYioXVl\ noUmal. RemembeU WhaW noUmali]ing PaC22 ma\
noW be appUopUiaWe in all ViWXaWionV. AYoid UoXWine h\peUYenWilaWion in childUen ZiWh neXUologic
pUoblemV XnleVV WheUe aUe VignV of impending ceUebUal heUniaWion. LimiW e[poVXUe Wo VeYeUe
h\peUcapnia oU h\pocapnia.



Use the “DOPE” mnemonic to troubleshoot acute deterioration in a mechanically ventilated patient.
(Refer to the Sudden Deterioration in an Intubated Patient section in the Resources for Managing
Respiratory Emergencies in Part 8 of this manual.)

Analgesia and
sedation

Use lower doses of sedatives or analgesics if the child is hemodynamically unstable; titrate the dose
while stabilizing hemodynamic function. When used in equipotent doses, morphine is more likely than
fentanyl to cause hypotension because morphine causes histamine release.

Neuromuscular
blockade

Neuromuscular blockade may reduce the risk of ET tube displacement. Be aware that neuromuscular
blockers do not provide sedation or analgesia and will mask seizures. Neuromuscular blockers will also
eliminate many signs of agitation that may signal inadequate oxygenation and ventilation. When using
neuromuscular blockers, always ensure that the child is adequately sedated by evaluating for signs of
stress, such as tachycardia, hypertension, pupil dilation, or tearing.

CaUdLRYaVcXOaU S\VWeP

MaQagePeQW PULRULWLeV

Ischemia resulting from cardiac arrest and subsequent reperfusion can cause circulator\ d\sfunction that can last for
hours after ROSC. Compromised tissue perfusion and o[\genation from shock and respirator\ failure can haYe
secondar\ adYerse effects on cardioYascular function. ProYiders should maintain adequate blood pressure, cardiac
output, and distribution of blood ÁoZ to restore or maintain tissue o[\genation and deliYer\ of metabolic substrates.
Circulator\ management priorities include

This section includes

ReYieZ Part 9: Recogni]ing Shock and Part 10: Managing Shock for more information about the pathoph\siolog\ of
shock and the use of Áuid therap\ and medications to maintain cardiac output and tissue perfusion.

InWXbaWe Whe WUachea if O2 adminiVWUaWion and oWheU inWeUYenWionV do noW achieYe adeTXaWe
o[\genaWion and YenWilaWion. InWXbaWe if needed Wo mainWain an open/paWenW aiUZa\ and adeTXaWe
o[\genaWion and YenWilaWion in Whe child ZiWh decUeaVed leYel of conVcioXVneVV. In Vome paWienWV,
CPAP oU noninYaViYe YenWilaWion ma\ be adeTXaWe.
UVe age- and ZeighW-appUopUiaWe YenWilaWoU VeWWingV.
VeUif\ ET WXbe poViWion, openneVV/paWenc\, and VecXUiW\; UeWape, if needed, befoUe WUanVpoUW.
AVVeVV foU a laUge gloWWic aiU leak. ConVideU UeinWXbaWion ZiWh a cXffed WXbe oU a laUgeU WXbe if Whe
gloWWic aiU leak pUeYenWV adeTXaWe cheVW UiVe, o[\genaWion, oU YenWilaWion. Weigh Whe UiVk of UemoYing
Whe adYanced aiUZa\ againVW Whe beneÀW of impUoYing Widal YolXme, o[\genaWion, and YenWilaWion.
If a cXffed ET WXbe iV in place and iV inÁaWed, check Whe cXff pUeVVXUe (goal foU moVW WXbeV iV <20 Wo
25 cm H2O; folloZ Whe manXfacWXUeU·V UecommendaWionV) oU aVVeVV foU Whe pUeVence of a minimal
gloWWic aiU leak aW an inVpiUaWoU\ pUeVVXUe of <20 Wo 25 cm H2O.
InVeUW a gaVWUic WXbe Wo UelieYe and help pUeYenW gaVWUic inÁaWion.

ConWUol pain ZiWh analgeVicV (eg, fenWan\l oU moUphine) and an[ieW\ ZiWh VedaWiYeV (eg, loUa]epam oU
mida]olam) aV needed.
AdminiVWeU VedaWion and analgeVia Wo all UeVponViYe inWXbaWed paWienWV.

FoU Whe inWXbaWed paWienW ZiWh pooU o[\genaWion and YenWilaWion deVpiWe adeTXaWe VedaWion and
analgeVia, aVVeVV foU acXWe caXVeV of deWeUioUaWion b\ XVing Whe DOPE mnemonic. Then conVideU
neXUomXVcXlaU blocking agenWV (eg, YecXUoniXm, pancXUoniXm) ZiWh VedaWion. IndicaWionV foU XVe of
neXUomXVcXlaU blocking agenWV inclXde
² High peak oU mean aiUZa\ pUeVVXUe caXVed b\ high aiUZa\ UeViVWance oU UedXced lXng

compliance
² PaWienW YenWilaWoU aV\nchUon\
² DifÀcXlW aiUZa\

Restoring and maintaining intraYascular Yolume (preload)
Treating m\ocardial d\sfunction
Controlling arrh\thmias
Maintaining normal blood pressure and adequate s\stemic perfusion
Maintaining adequate Sp22 and Pa22
Maintaining adequate hemoglobin concentration
Considering therapies to reduce metabolic demand (eg, support Yentilation and reduce temperature)

General recommendations for adYanced eYaluation and management of the cardioYascular s\stem
The PALS Management of Shock After ROSC Algorithm
Information about administering maintenance Áuids



GeQeUaO RecRPPeQdaWLRQV

Refer to Table 66 for general recommendations for assessment and management of the cardioYascular s\stem.

Table 66. General Recommendations for Assessing and Managing the Cardiovascular System

AVVeVVPeQW

Monitoring

Noninvasive blood pressure monitoring (ie, by automated blood pressure devices) is often unreliable in
children with poor perfusion or frequent arrhythmias. Blood pressure monitoring with an indwelling
arterial catheter and monitoring system is more reliable in these children, provided the catheter is
open/patent and the transducer is appropriately zeroed and leveled.

Physical examination

Laboratory tests

In addiWion Wo pH, noWe Whe magniWXde of an\ meWabolic acidoViV (baVe deÀciW). A peUViVWenW meWabolic
(lacWic) acidoViV VXggeVWV inadeTXaWe caUdiac oXWpXW and O2 deliYeU\. SeUXm elecWUol\WeV can help
idenWif\ an anion gap acidoViV. If Whe child haV an eleYaWed anion gap bXW noUmal lacWaWe, conVideU oWheU
caXVeV of acidoViV, VXch aV Wo[inV oU XUemia.
The diffeUence in O2 VaWXUaWion beWZeen an aUWeUial and VXpeUioU Yena caYal blood Vample [S(a-Y)22]
pUoYideV infoUmaWion aboXW Whe balance of o[\gen VXppl\ YV demand. AVVXming WhaW O2 conVXmpWion
UemainV conVWanW, a high S(a-Y)22 diffeUence (>35-40) VXggeVWV loZ o[\gen deliYeU\. ThiV ma\ be
caXVed b\ a fall in caUdiac oXWpXW, oU aUWeUial o[\gen conWenW. When o[\gen deliYeU\ fallV, WheUe Zill be
incUeaVed O2 e[WUacWion in Whe WiVVXeV (ie, blood ÁoZ and O2 deliYeU\ aUe decUeaVed, Vo O2 e[WUacWion
mXVW incUeaVe), pUodXcing a fall in Whe VXpeUioU Yena caYal o[\gen VaWXUaWion. AlWeUnaWiYel\, incUeaVed
O2 conVXmpWion ZiWh VWable caUdiac oXWpXW can UeVXlW in a Zidened a-Y22 diffeUence aV Zell.
TUoponin concenWUaWionV aUe fUeTXenWl\ eleYaWed afWeU caUdiac aUUeVW, eVpeciall\ if deÀbUillaWion ZaV
peUfoUmed.

Nonlaboratory tests

A small heart is often present with reduced cardiac preload or severe lung hyperinflation. A large heart
may be associated with normal or increased cardiac preload, pericardial effusion, CHF, or when the
patient is unable to take a deep breath (eg, with severe abdominal distension).

MaQagePeQW

Intravascular volume

MoniWoU Whe folloZing fUeTXenWl\ oU conWinXoXVl\:

In Whe cUiWical caUe VeWWing, alVo conVideU moniWoUing

² HeaUW UaWe and Uh\Whm b\ caUdiac moniWoU
² Blood pUeVVXUe and pXlVe pUeVVXUe (noninYaViYel\ oU inYaViYel\)
² Sp22 b\ pXlVe o[imeWU\
² UUine oXWpXW b\ XUinaU\ caWheWeU
² TempeUaWXUe

² CenWUal YenoXV pUeVVXUe b\ cenWUal YenoXV caWheWeU
² CenWUal YenoXV O2 VaWXUaWion b\ caWheWeU pUoYiding conWinXoXV ScY22 oU b\ inWeUmiWWenW blood

dUaZ
² TUendV in Uegional YenoXV o[\genaWion b\ neaU infUaUed VpecWUoVcop\
² CaUdiac fXncWion (eg, echocaUdiogUam) and/oU caUdiac oXWpXW b\ noninYaViYe moniWoUing

RepeaW Whe ph\Vical e[aminaWion (eg, eYalXaWe TXaliW\ of cenWUal and peUipheUal pXlVeV, heaUW UaWe,
capillaU\ UeÀll, blood pUeVVXUe, e[WUemiW\ WempeUaWXUe and coloU) fUeTXenWl\ XnWil Whe child iV VWable.
MoniWoU end-oUgan fXncWion (eg, neXUologic fXncWion, Uenal fXncWion, Vkin peUfXVion) Wo aVVeVV
ciUcXlaWoU\ fXncWion.

AUWeUial oU YenoXV blood gaV
Hemoglobin and hemaWocUiW
SeUXm glXcoVe, elecWUol\WeV, blood XUea niWUogen (BUN), cUeaWinine, calciXm
ConVideU moniWoUing lacWaWe and cenWUal YenoXV O2 VaWXUaWion

PeUfoUm a cheVW [-Ua\ Wo eYalXaWe ET WXbe inVeUWion depWh and poViWion in Whe mid-WUachea, aVVeVV
heaUW Vi]e, and idenWif\ pXlmonaU\ edema oU oWheU paWholog\.
EYalXaWe a 12-lead ECG foU aUUh\WhmiaV oU eYidence of m\ocaUdial iVchemia.
ConVideU echocaUdiogUaph\ if WheUe iV conceUn aboXW peUicaUdial Wamponade oU m\ocaUdial
d\VfXncWion.

EVWabliVh VecXUe YaVcXlaU acceVV (if poVVible, 2 caWheWeUV, eiWheU IV oU IO).
AdminiVWeU ÁXid bolXVeV (10-20 mL/kg of iVoWonic cU\VWalloid oYeU 5-20 minXWeV) aV needed Wo
eVWabliVh adeTXaWe inWUaYaVcXlaU YolXme. SmalleU bolXVeV of ÁXid (5-10 mL/kg) adminiVWeUed oYeU
10-20 minXWeV ma\ be appUopUiaWe in Whe VeWWing of heaUW failXUe. AdjXVW Whe ÁXid adminiVWUaWion UaWe
Wo Ueplace ÁXid deÀciWV and meeW ongoing UeTXiUemenWV. AYoid e[ceVViYe ÁXid adminiVWUaWion in Whe
pUeVence of m\ocaUdial d\VfXncWion, heaUW failXUe, oU UeVpiUaWoU\ failXUe.
ConVideU Whe need foU colloid oU blood adminiVWUaWion.
CalcXlaWe mainWenance ÁXid UeTXiUemenWV and adminiVWeU aV appUopUiaWe.



Do not use boluses of hypotonic or dextrose-containing Áuids for volume resuscitation.
Refer to Administering Maintenance Fluids later in this Part.

Blood pressure

Treatment of hypotension is crucial to avoid secondary multisystem injury. Refer to the PALS
Management of Shock After ROSC Algorithm for more information about management of hypotensive
and normotensive shock.

Tissue oxygenation

Metabolic demand

Caution: Sedatives or analgesics may cause hypotension. Consider expert consultation before elective
ET intubation. The use of sedatives or analgesics, ET intubation, and initiating positive-pressure
ventilation can all precipitate cardiovascular collapse in a child with poor myocardial function.

Arrhythmias

Refer to Part 11: Recognizing Arrhythmias and Part 12: Managing Arrhythmias for more information.

Postarrest
myocardial
dysfunction

Myocardial dysfunction is common in children after resuscitation from cardiac arrest. Postarrest
myocardial dysfunction can produce hemodynamic instability and secondary organ injury and may
precipitate another cardiac arrest.

TUeaWPeQW Rf SKRcN

After resuscitation from cardiac arrest or shock, hemod\namic compromise ma\ result from a combination of

Children Zith cardiogenic shock t\picall\ haYe poor m\ocardial function and a compensator\ increase in s\stemic and
pulmonar\ Yascular resistances in an attempt to maintain an adequate blood pressure. The increased SVR ma\
become detrimental because it increases left Yentricular afterload. Ver\ loZ SVR most commonl\ occurs in children
Zith earl\ septic shock. When children Zith septic shock do not respond to bolus Áuid administration (ie, the shock is
Áuid refractor\), the\ ma\ haYe high rather than loZ SVR and poor m\ocardial function, similar to cardiogenic shock.

Support of S\stemic Perfusion

Treat hypotension aggressively, WiWUaWing YolXme and YaVoacWiYe medicaWionV aV appUopUiaWe.
PoVW²caUdiac aUUeVW V\VWolic blood pUeVVXUe mXVW be mainWained aboYe Whe ÀfWh peUcenWile foU age
(foU childUen 1-10 \eaUV of age, eVWimaWed ZiWh Whe folloZing foUmXla: 70 mm Hg + (age in \eaUV ð 2).
If h\poWenVion iV dXe Wo e[ceVViYe YaVodilaWion (eg, VepViV), eaUl\ XVe of a YaVopUeVVoU ma\ be
indicaWed.
The XVe of adUeneUgic agenWV dXUing UeVXVciWaWion ma\ pUodXce eleYaWion in V\VWemic YaVcXlaU
UeViVWance and caXVe h\peUWenVion. BecaXVe Whe half-life of WheVe agenWV iV UelaWiYel\ VhoUW, aVVeVV
foU oWheU caXVeV of h\peUWenVion in Whe poVW²caUdiac aUUeVW phaVe (eg, pain, an[ieW\, Vei]XUeV).

PUoYide VXpplemenWal O2 in a VXfÀcienW concenWUaWion Wo enVXUe adeTXaWe o[\genaWion.
AfWeU ROSC folloZing caUdiac aUUeVW, WiWUaWe O2 Wo mainWain adeTXaWe Sp22 (94%-99%).
SXppoUW adeTXaWe peUfXVion.
ConVideU WUanVfXVion ZiWh packed Ued blood cellV foU paWienWV ZiWh loZ hemaWocUiW and VignV of
inadeTXaWe O2 deliYeU\.

ConVideU ET inWXbaWion and aVViVWed YenWilaWion Wo UedXce Whe ZoUk of bUeaWhing.
ConWUol pain ZiWh analgeVia (eg, moUphine, fenWan\l).
ConWUol agiWaWion aV needed ZiWh VedaWion (eg, loUa]epam, mida]olam); UXle oXW h\po[emia,
h\peUcaUbia, oU pooU peUfXVion aV poWenWial caXVeV of agiWaWion.
ConWUol feYeU ZiWh anWip\UeWicV and a cooling blankeW if needed (neXUomXVcXlaU blockade ma\ be
appUopUiaWe Wo conWUol VhiYeUing).

MoniWoU foU Wach\aUUh\WhmiaV and bUad\aUUh\WhmiaV and WUeaW aggUeVViYel\.
If bUad\caUdia deYelopV, ÀUVW enVXUe adeTXaWe o[\genaWion and YenWilaWion; if Whe heaUW UaWe UemainV
<60/min ZiWh VignV of pooU peUfXVion deVpiWe adeTXaWe o[\genaWion and YenWilaWion, iniWiaWe CPR.
BUad\caUdia can alVo occXU in Whe VeWWing of h\poWheUmia; conVideU ZheWheU peUfXVion and blood
pUeVVXUe aUe adeTXaWe.
If aUUh\Whmia peUViVWV, conWUol ZiWh dUXgV oU elecWUical WheUap\ peU algoUiWhmV.
Seek e[peUW conVXlWaWion foU aUUh\Whmia managemenW.

AnWicipaWe poVWaUUeVW m\ocaUdial d\VfXncWion in Whe ÀUVW 24 hoXUV afWeU ROSC.
ConVideU YaVoacWiYe agenWV Wo impUoYe conWUacWiliW\ and/oU decUeaVe afWeUload if blood pUeVVXUe iV
adeTXaWe.
CoUUecW meWabolic abnoUmaliWieV WhaW can conWUibXWe Wo pooU m\ocaUdial fXncWion (eg, acidoViV,
h\pocalcemia, h\pogl\cemia).
ConVideU poViWiYe-pUeVVXUe YenWilaWion (noninYaViYe YenWilaWion oU Yia ET WXbe) Wo impUoYe lefW
YenWUicXlaU fXncWion.

Inadequate intraYascular Yolume
Decreased cardiac contractilit\
Either increased or decreased s\stemic Yascular resistance (SVR) or pulmonar\ Yascular resistance



The parameters listed in Table 67 can be manipulated to optimi]e s\stemic perfusion.

Table 67. Parameters to Optimize Systemic Perfusion

PaUaPeWeUV WR RSWLPL]e AcWLRQ (ZKeQ Qeeded)

Preload

Contractility

Afterload (SVR)

Heart rate

Refer to the Pathoph\siolog\ of Shock section in Part 9 for a discussion of preload, afterload, and contractilit\.

Managing Shock After ROSC

The PALS Management of Shock After ROSC Algorithm (Figure 53) outlines eYaluation and management steps after
cardiac arrest. Numbers in the te[t refer to the corresponding steps in the algorithm.

Figure 53. PALS
Management of Shock After
ROSC Algorithm.

OSWLPL]e R[\geQaWLRQ aQd YeQWLOaWLRQ (SWeS 1)

AchieYing adequate o[\genation and Yentilation is important for supporting cardioYascular function. Titrate FI22 to
maintain an O2 saturation of 94% to 99%; Zean O2 concentration if saturation is 100%. Consider placing an adYanced
airZa\ and using ZaYeform capnograph\ if not \et established. If possible, target a PC22 that is appropriate for the
patient·s conditions, and limit e[posure to seYere h\percapnia or h\pocapnia.

FOXLd WKeUaS\ (SWeS 2)

The Àrst interYention to consider for treating shock is administering a 20 mL/kg IV/IO bolus of isotonic cr\stalloid. If
\ou suspect the commonl\ occurring postarrest m\ocardial d\sfunction, consider administering a smaller Áuid bolus
(5-10 mL/kg) oYer 10 to 20 minutes, and then reassess. If the child demonstrates signs of poor cardiac function (eg,
OaUge OiYeU, SXOPRQaU\ edePa, MXgXOaU YeQRXV diVWeQWiRQ, OaUge heaUW RQ cheVW [-Ua\), caUefXOO\ eYaOXaWe Whe Qeed fRU
ÁXid adPiQiVWUaWiRQ. E[ceVViYe ÁXid adPiQiVWUaWiRQ caQ ZRUVeQ caUdiRSXOPRQaU\ fXQcWiRQ. Consider the need for
inotropic and/or Yasopressor support for Áuid-refractor\ shock.

ReaVVeVV Whe child fUeTXenWl\ and afWeU each ÁXid bolXV Wo deWeUmine UeVponVe Wo WheUap\.

PRVVLbOe cRQWULbXWLQg facWRUV (SWeS 3)

AdminiVWeU ÁXid bolXV.

AdminiVWeU inoWUopeV oU inodilaWoUV.
CoUUecW h\po[ia, elecWUol\We and acid-baVe imbalanceV, and
h\pogl\cemia/h\pocalcemia.
TUeaW poiVoningV (eg, adminiVWeU anWidoWeV if aYailable).

AdminiVWeU YaVopUeVVoUV oU YaVodilaWoUV aV appUopUiaWe.

AdminiVWeU chUonoWUopeV foU bUad\caUdia (eg, epinephUine).
AdminiVWeU anWiaUUh\WhmicV.
CoUUecW h\po[ia.
ConVideU pacing.



Consider factors that ma\ contribute to postarrest shock, including metabolic derangements and conditions such as
h\poYolemia and cardiac tamponade (H·s and T·s).

H\SRWeQVLYe VKRcN (SWeS 4)

If the child remains h\potensiYe after bolus Áuid administration, consider infusion of one or a combination of the
folloZing drugs:

*UppeU limiW doVing Uange can be highl\ YaUiable and VhoXld be baVed on clinical VcenaUioV.

Ensure that cardiac preload is adequate; base \our choice of drug on the most likel\ cause of h\potension
(inadequate heart rate, poor contractilit\, e[cessiYe Yasodilation, or a combination of factors). If the heart rate is
abnormall\ loZ, administering catecholamine ma\ increase the heart rate and cardiac output. HoZeYer, Zhen
catecholamines cause e[treme tach\cardia, the\ increase m\ocardial O2 demand.

ESLQeSKULQe

Epinephrine is a potent YasoactiYe agent that can either loZer or increase SVR depending on the infusion dose. LoZ-
dose infusions generall\ produce ћ-adrenergic effects (increased heart rate and contractilit\ and Yasodilation); higher
doses generall\ produce њ-adrenergic effects (Yasoconstriction). Because there is great interpatient Yariabilit\, titrate
the drug to the desired clinical effect. Epinephrine ma\ be preferable to dopamine in children (especiall\ infants) Zith
marked circulator\ instabilit\ and h\potensiYe shock.

NRUeSLQeSKULQe

Norepinephrine is a potent inotropic and peripheral Yasoconstricting agent. Titrate the infusion to treat shock Zith loZ
SVR (septic, anaph\lactic, spinal) that is unresponsiYe to bolus Áuid administration.

NRUPRWeQVLYe VKRcN (SWeS 5)

If the child is normotensiYe but remains poorl\ perfused after bolus Áuid administration, consider administering one or
a combination of the folloZing drugs:

LRZ-DRVe ESLQeSKULQe

Refer to Epinephrine in H\potensiYe Shock (Step 4) earlier in this Part.

MLOULQRQe

Milrinone is an inodilator that augments cardiac output Zith little effect on heart rate and m\ocardial O2 demand. Use
an inodilator for treatment of m\ocardial d\sfunction Zith increased s\stemic or pulmonar\ Yascular resistance. You
ma\ need to administer additional Áuids because the Yasodilator\ effects Zill e[pand the Yascular space and could
lead to h\potension.

Compared Zith drugs like dopamine and norepinephrine, inodilators haYe a long half-life. In addition, ZheneYer the
infusion rate is changed, there Zill be a long dela\ in reaching a neZ stead\-state hemod\namic effect (4.5 hours Zith
milrinone). The adYerse effects ma\ persist for seYeral hours after \ou stop the infusion. Milrinone is renall\ e[creted,
and the dose ma\ need to be decreased in patients Zith renal disease.

OWKeU SRVW²caUdLac aUUeVW cRQVLdeUaWLRQV (SWeS 6)

ROSC affects multiple organ s\stems. Monitor for and treat agitation and sei]ures Zith appropriate medications.
Monitor for and treat h\pogl\cemia. Assess blood gas, serum, electrol\tes, and calcium. Correct metabolic
derangements, noting that treating metabolic acidosis is best accomplished b\ treating the underl\ing cause of the
acidosis (ie, restore perfusion in shock). ProYide targeted temperature management: consider therapeutic
h\pothermia for children Zho remain comatose and preYent or aggressiYel\ treat feYer. Arrange for transfer to an
appropriate pediatric critical care unit.

AdPLQLVWeU MaLQWeQaQce FOXLdV

Maintenance Fluid Composition

Epinephrine: for IV/IO route, giYe 0.03 to 0.2 mcg/kg per minute* aQd/RU
Norepinephrine: for IV/IO route, giYe 0.03 to 0.5 mcg/kg per minute*

LoZ-dose epinephrine: for IV/IO route, giYe 0.03 to 0.05 mcg/kg per minute aQd/RU
Milrinone: for IV/IO route, load Zith 50 mcg/kg oYer 10 to 60 minutes. Loading doses ma\ cause h\potension;
infusion: 0.25 to 0.75 mcg/kg per minute



After initial stabili]ation, adjust the rate and composition of IV Áuids based on the patient·s condition. If cardioYascular
function is adequate, consider administering maintenance Áuids once intraYascular Yolume has been restored and
Áuid deÀcits haYe been replaced. When \ou calculate the maintenance Áuid requirements and plan for Áuid
administration, include the Áuid administered Zith YasoactiYe drug infusions.

In the Àrst hours after resuscitation, the appropriate composition of IV Áuids is an isotonic cr\stalloid (0.9% NaCl or
lactated Ringer·s), Zith or Zithout de[trose, based on the child·s condition and age. AYoid h\potonic Áuids in criticall\
ill children in the post²cardiac arrest phase. Recent eYidence suggests that buffered solutions (eg, lactated Ringer·s
or other electrol\te-containing isotonic solution) ma\ be preferred because h\perchloremia has been associated Zith
poorer outcomes. HoZeYer, if \ou use one of these solutions, \ou must ensure that the child is receiYing some source
of de[trose because h\pogl\cemia Zill likel\ occur.

You ma\ add speciÀc components to maintenance Áuids based on the clinical condition:

Maintenance Fluid Calculation b\ 4-2-1 Method

Use the 4-2-1 method as a practical approach to estimating hourl\ maintenance Áuid requirements in children (Table
68).

Table 68. Estimating Maintenance Fluid Requirements

WeLgKW (Ng) EVWLPaWed KRXUO\ ÁXLd UeTXLUePeQWV SaPSOe cROOecWLRQ

<10 4 mL/kg peU hoXU 8-kg infanW:
4 mL/kg peU hoXU ð 8 kg
= 32 mL/h

10-20 40 mL/h + 2 mL/kg peU hoXU foU each kilogUam
beWZeen 10 and 20 kg*

15-kg child:
40 mL/h + 2 mL/kg peU hoXU ð 5 kg
= 50 mL/h

>20 60 mL/h + 1 mL/kg peU hoXU foU each kilogUam
aboYe 20 kg

30-kg child:
60 mL/h + 1 mL/kg peU hoXU ð 10 kg
= 70 mL/h

*An alWeUnaWe calcXlaWion of mainWenance hoXUl\ ÁXid UaWe foU paWienWV Zeighing moUe Whan 20 kg iV ZeighW in kilogUamV + 40 mL/h.

Once \ou haYe calculated the estimated maintenance Áuid requirements, adjust the actual rate of Áuid administration
to the child·s clinical condition (eg, pulse, blood pressure, s\stemic perfusion, urine output) and h\dration leYel.

NeXURORgLc S\VWeP

MaQagePeQW PULRULWLeV

During the post²cardiac arrest period, proYiders should aim to preserYe brain function and preYent secondar\
neuronal injur\. Neurologic management priorities include

GeQeUaO RecRPPeQdaWLRQV

Refer to Table 69 for general recommendations for assessment and management of the neurologic s\stem.

Table 69. General Recommendations for Assessing and Managing the Neurologic System

AVVeVVPeQW

Monitoring

Include de[trose in IV Áuids for infants and for children Zho are h\pogl\cemic or at risk for h\pogl\cemia.
Add potassium chloride (KCl) 10 to 20 mEq/L for children Zith adequate renal function and documented urine
output once periodic monitoring of potassium is aYailable. Do not add KCl to maintenance Áuid in children Zith
h\perkalemia, renal failure, muscle injur\, or seYere acidosis.

Maintaining adequate brain perfusion
Maintaining normogl\cemia
ProYiding targeted temperature management: preYent or aggressiYel\ treat feYer and consider therapeutic
h\pothermia if indicated
Treating increased intracranial pressure
Treating sei]ures; searching for and treating cause

MoniWoU WempeUaWXUe.



In children with poor peripheral perfusion, reliable monitoring of core temperature requires invasive
devices (rectal, bladder, esophageal thermometer).

Physical examination

Signs of impending cerebral herniation include unequal or dilated unresponsive pupils, posturing,
hypertension, bradycardia, respiratory irregularities or apnea, and reduced response to stimulation. A
sudden increase in intracranial pressure (ICP) (if monitoring is in place) is often observed. Other
causes of central nervous system dysfunction are hypoxic-ischemic brain injury, hypoglycemia,
convulsive or nonconvulsive seizures, toxins/drugs, electrolyte abnormalities, hypothermia, traumatic
brain injury, stroke or intracranial hemorrhage, and central nervous system infection.
Refer to the section Disability in Part 4 for more information on neurologic assessment.

Laboratory tests

Nonlaboratory tests

MaQagePeQW

Brain perfusion

Support cardiac output by optimizing heart rate, preload, afterload, and contractility. Refer to the
section Support of Systemic Perfusion earlier in this Part for more information.

Blood glucose

Although hyperglycemia is associated with poor outcome in critically ill children, the relative benefits
of active treatment of hyperglycemia vs risks of hypoglycemia in critically ill children remains
uncertain. In most animal studies, hyperglycemia at the time of cerebral ischemia produces a worse
outcome, but the effect of hyperglycemia occurring after ROSC is less clear.

Targeted temperature
management

PUoYide WaUgeWed WempeUaWXUe managemenW. ThiV inclXdeV pUeYenWing oU aggUeVViYel\ WUeaWing feYeU
and conVideUing WheUapeXWic h\poWheUmia.
Prevent/Treat Fever

Fever adversely influences recovery from ischemic brain injury and is associated with poor outcome
after resuscitation from cardiac arrest. Metabolic O2 demand increases by 10% to 13% for each
degree Celsius elevation of temperature above normal. Increased metabolic demand may worsen
neurologic injury. Furthermore, fever increases the release of inflammatory mediators, cytotoxic
enzymes, and neurotransmitters, which increase brain injury.
Therapeutic Hypothermia

MoniWoU heaUW UaWe and V\VWemic blood pUeVVXUe.

PeUfoUm fUeTXenW, bUief neXUologic aVVeVVmenWV (eg, GlaVgoZ Coma Scale, pXpil UeVponVeV, gag
UeÁe[, coUneal UeÁe[eV, ocXlocephalic UeÁe[eV).
IdenWif\ VignV of impending ceUebUal heUniaWion.
IdenWif\ Vei]XUe acWiYiW\.
IdenWif\ abnoUmal neXUologic ÀndingV, inclXding abnoUmal moYemenWV
(poVWXUing/m\oclonXV/h\peUUeÁe[ia).

PeUfoUm poinW-of-caUe glXcoVe WeVWing; UepeaW meaVXUemenW afWeU WUeaWmenW of h\peUgl\cemia oU
h\pogl\cemia.
ObWain VeUXm elecWUol\WeV, poinW-of-caUe glXcoVe, and VeUXm ioni]ed calciXm concenWUaWion if
Vei]XUe acWiYiW\ iV pUeVenW; meaVXUe concenWUaWionV of anWiconYXlVanW medicaWionV if Whe child ZaV
UeceiYing WheVe agenWV.
ConVideU Wo[icologic VWXdieV if poiVoning oU oYeUdoVe iV VXVpecWed.
ConVideU ceUebUal Vpinal ÁXid VWXdieV if cenWUal neUYoXV V\VWem infecWion iV VXVpecWed, bXW defeU a
lXmbaU pXncWXUe if Whe paWienW·V caUdiopXlmonaU\ VWaWXV iV noW VWable.

ConVideU a compXWed WomogUaph\ Vcan if cenWUal neUYoXV V\VWem d\VfXncWion oU neXUologic
deWeUioUaWion iV pUeVenW.
ConVideU an elecWUoencephalogUam (EEG) if nonconYXlViYe VWaWXV epilepWicXV iV VXVpecWed oU
Vei]XUeV aUe a conceUn dXUing adminiVWUaWion oU dXUaWion of effecW of neXUomXVcXlaU blockeUV.
EEGV peUfoUmed ZiWhin Whe ÀUVW 7 da\V afWeU pediaWUic caUdiac aUUeVW ma\ be conVideUed in
pUognoVWicaWing neXUologic oXWcome aW Whe Wime of hoVpiWal diVchaUge, bXW VhoXld noW be XVed aV
Whe Vole cUiWeUion.

OpWimi]e bUain peUfXVion b\ VXppoUWing caUdiac oXWpXW and aUWeUial O2 conWenW.
AYoid h\peUYenWilaWion XnleVV WheUe aUe VignV of impending ceUebUal heUniaWion.

TUeaW h\pogl\cemia.
MoniWoU glXcoVe concenWUaWion. In geneUal, WU\ Wo aYoid caXVing oU ZoUVening h\peUgl\cemia.
In Whe cUiWical caUe VeWWing, conVideU WUeaWing peUViVWenW h\peUgl\cemia; caUefXl moniWoUing iV
needed Wo pUeYenW h\pogl\cemia.

PUeYenW feYeU; adjXVW enYiUonmenWal WempeUaWXUe aV needed (cooling deYiceV ma\ be XVed Wo
mainWain a WaUgeW WempeUaWXUe and pUeYenW feYeU).
AggUeVViYel\ WUeaW feYeU (WempeUaWXUe 38�C oU higheU) ZiWh anWip\UeWicV and cooling deYiceV (eg,
cooling blankeW) oU pUocedXUeV.
Do noW acWiYel\ UeZaUm a poVW²caUdiac aUUeVW paWienW Zho haV a WempeUaWXUe beWZeen 32�C and
37�C afWeU ROSC XnleVV h\poWheUmia iV conWUibXWing Wo hemod\namic inVWabiliW\.

FoU infanWV and childUen Uemaining comaWoVe afWeU oXW-of-hoVpiWal caUdiac aUUeVW, iW iV UeaVonable
eiWheU Wo mainWain 5 da\V of conWinXoXV noUmoWheUmia (36�-37.5�C) oU Wo mainWain 2 da\V of iniWial



Increased ICP

Prolonged hyperventilation is not effective to treat increased ICP, and excessive hyperventilation may
worsen neurologic outcome. Hypocarbia results in cerebral vasoconstriction, reducing cerebral blood
flow. Hyperventilation also reduces venous return and cardiac output, contributing to cerebral
ischemia.

Seizures

conWinXoXV h\poWheUmia (32�-34�C), folloZed b\ 3 da\V of conWinXoXV noUmoWheUmia.
FoU infanWV and childUen Uemaining comaWoVe afWeU in-hoVpiWal caUdiac aUUeVW, WheUe iV inVXfÀcienW
eYidence Wo Uecommend cooling oYeU noUmoWheUmia, bXW all paWienWV VhoXld UeceiYe WaUgeWed
WempeUaWXUe managemenW WhaW pUeYenWV oU aggUeVViYel\ WUeaWV feYeU. DXUing cooling, WUeaWmenW oU
pUeYenWion of VhiYeUing iV ofWen UeTXiUed.
MoniWoU foU and WUeaW complicaWionV of h\poWheUmia, inclXding diminiVhed caUdiac oXWpXW,
aUUh\Whmia, infecWion, pancUeaWiWiV, coagXlopaWh\, WhUomboc\Wopenia, h\pophoVphaWemia, and
h\pomagneVemia.

EleYaWe Whe head of bed Wo 30� if blood pUeVVXUe iV adeTXaWe and no Vpinal pUecaXWionV aUe in
place.
Keep head in midline.
SXppoUW adeTXaWe YenWilaWion Wo mainWain noUmocapnia.
If VignV of impending ceUebUal heUniaWion deYelop (eg, iUUegXlaU UeVpiUaWionV oU apnea, bUad\caUdia,
h\peUWenVion, XneTXal oU dilaWed pXpil[V] noW UeVponViYe Wo lighW, deceUebUaWe oU decoUWicaWe
poVWXUing), a bUief peUiod of mild h\peUYenWilaWion ma\ occaVionall\ be XVed aV WempoUi]ing UeVcXe
WheUap\.
ConVideU manniWol oU h\peUWonic Valine foU acXWe heUniaWion V\ndUome.
FoU childUen ZiWh neXUoVXUgical condiWionV (eg, WUaXmaWic bUain injXU\, inWUacUanial hemoUUhage),
obWain e[peUW conVXlWaWion aboXW indicaWionV foU moniWoUing of ICP and/oU neXUoVXUgical
inWeUYenWion.

TUeaW Vei]XUeV aggUeVViYel\. TheUapeXWic opWionV inclXde a ben]odia]epine (eg, loUa]epam,
mida]olam), foVphen\Woin/phen\Woin, leYeWiUaceWam oU a baUbiWXUaWe (eg, phenobaUbiWal). MoniWoU
blood pUeVVXUe caUefXll\ if \oX XVe phen\Woin oU phenobaUbiWal, becaXVe WheVe dUXgV ma\ caXVe
h\poWenVion.
SeaUch foU a coUUecWable meWabolic caXVe, VXch aV h\pogl\cemia, h\ponaWUemia, oU
h\pocalcemia.
ConVideU Wo[inV oU meWabolic diVeaVe aV Whe eWiolog\.
ConVXlW a neXUologiVW if aYailable.



ASSeQdi[

BLS Competenc\ Testing

BLS Skills TesWing ChecklisWs

The Child CPR and AED SkillV TeVWing CheckliVW and Whe InfanW CPR SkillV TeVWing CheckliVW pUoYide deWailed
deVcUipWionV of Whe CPR VkillV WhaW \oX Zill be e[pecWed Wo peUfoUm. YoXU inVWUXcWoU Zill eYalXaWe \oXU CPR VkillV dXUing
Whe VkillV WeVW on Whe baViV of WheVe deVcUipWionV.

If \oX peUfoUm a VpeciÀc Vkill e[acWl\ aV deVcUibed in Whe cUiWical peUfoUmance cUiWeUia deWailV, Whe inVWUXcWoU Zill check
WhaW VpeciÀc Vkill aV ´paVVing.µ If \oX do noW peUfoUm a VpeciÀc Vkill e[acWl\ aV iW iV deVcUibed, Whe Vkill Zill noW be
checked off and \oX Zill UeqXiUe UemediaWion in WhaW Vkill.

SWXd\ Whe BLS VNiOOV WeVWiQg checNOiVWV VR WhaW \RX ZiOO be abOe WR SeUfRUP each VNiOO cRUUecWO\.





Pediatric Advanced Life Support Child CPR and AED Skills Testing Critical Skills
Descriptors

1. AVVeVVeV YicWim aQd acWiYaWeV emeUgeQc\ UeVSRQVe V\VWem (WhiV mXVW SUecede VWaUWiQg cRmSUeVViRQV)
ZiWhiQ a ma[imXm Rf 30 VecRQdV. AfWeU deWeUmiQiQg WhaW Whe VceQe iV Vafe:

2. PeUfRUmV high-TXaliW\ cheVW cRmSUeVViRQV (iQiWiaWeV cRmSUeVViRQV immediaWel\ afWeU UecRgQiWiRQ Rf
caUdiac aUUeVW)

3. PURYideV 2 bUeaWhV b\ XViQg a baUUieU deYice

4. PeUfRUmV Vame VWeSV fRU cRmSUeVViRQV aQd bUeaWhV fRU C\cle 2
5. AED XVe

6. ReVXmeV cRmSUeVViRQV

CheckV foU UeVponViYeneVV b\ Wapping and VhoXWing
ShoXWV foU help/diUecWV Vomeone Wo call foU help aQd geW AED/deÀbUillaWoU
CheckV foU no bUeaWhing oU no noUmal bUeaWhing (onl\ gaVping)

CheckV caUoWid pXlVe
² ScanV fUom Whe head Wo Whe cheVW foU a minimXm of 5 VecondV and no moUe Whan 10 VecondV

² Can be done VimXlWaneoXVl\ ZiWh check foU bUeaWhing
² CheckV foU a minimXm of 5 VecondV and no moUe Whan 10 VecondV

CoUUecW hand placemenW

CompUeVVion UaWe of 100 Wo 120/min

CompUeVVion depWh and Uecoil³compUeVV aW leaVW one WhiUd Whe depWh of Whe cheVW, appUo[imaWel\ 2 incheV (5
cm)

Minimi]eV inWeUUXpWionV in compUeVVionV

² LoZeU half of VWeUnXm
² 2-handed (Vecond hand on Wop of Whe ÀUVW oU gUaVping Whe ZUiVW of Whe ÀUVW hand) oU 1-handed

² DeliYeUV 30 compUeVVionV in 15 Wo 18 VecondV

² UVe of a commeUcial feedback deYice oU high-ÀdeliW\ manikin iV UeqXiUed
² CompleWe cheVW Uecoil afWeU each compUeVVion

² DeliYeUV 2 bUeaWhV Vo leVV Whan 10 VecondV elapVeV beWZeen laVW compUeVVion of one c\cle and ÀUVW
compUeVVion of ne[W c\cle

² CompUeVVionV UeVXmed immediaWel\ afWeU Vhock/no Vhock indicaWed

OpenV aiUZa\ adeqXaWel\

DeliYeUV each bUeaWh oYeU 1 Vecond
DeliYeUV bUeaWhV WhaW pUodXce YiVible cheVW UiVe
AYoidV e[ceVViYe YenWilaWion
ReVXmeV cheVW compUeVVionV in leVV Whan 10 VecondV

² UVeV a head WilW²chin lifW maneXYeU oU jaZ WhUXVW

PoZeUV on AED

CoUUecWl\ aWWacheV padV

CleaUV foU anal\ViV

CleaUV Wo Vafel\ deliYeU Vhock

DeliYeUV a Vhock

² TXUnV AED on b\ pXVhing bXWWon oU lifWing lid aV Voon aV iW aUUiYeV

² PlaceV pUopeU-Vi]ed padV foU YicWim·V age in coUUecW locaWion

² CleaUV UeVcXeUV fUom YicWim foU AED Wo anal\]e Uh\Whm (pXVheV anal\]e bXWWon if UeqXiUed b\ deYice)
² CommXnicaWeV cleaUl\ Wo all oWheU UeVcXeUV Wo VWop WoXching YicWim

² CommXnicaWeV cleaUl\ Wo all oWheU UeVcXeUV Wo VWop WoXching YicWim

² ReVXmeV cheVW compUeVVionV immediaWel\ afWeU Vhock deliYeU\
² DoeV QRW WXUn off AED dXUing CPR

EnVXUeV WhaW high-qXaliW\ cheVW compUeVVionV aUe UeVXmed immediaWel\ afWeU Vhock deliYeU\
PeUfoUmV Vame VWepV foU compUeVVionV





Pediatric Advanced Life Support Infant CPR Skills Testing Critical Skills
Descriptors

1. AVVeVVeV YicWim aQd acWiYaWeV emeUgeQc\ UeVSRQVe V\VWem (WhiV mXVW SUecede VWaUWiQg cRmSUeVViRQV)
ZiWhiQ a ma[imXm Rf 30 VecRQdV. AfWeU deWeUmiQiQg WhaW Whe VceQe iV Vafe:

2. PeUfRUmV high-TXaliW\ cheVW cRmSUeVViRQV dXUiQg 1-UeVcXeU CPR (iQiWiaWeV cRmSUeVViRQV ZiWhiQ 10
VecRQdV Rf ideQWif\iQg caUdiac aUUeVW)

3. PURYideV effecWiYe bUeaWhV ZiWh bag-maVk deYice dXUiQg 2-UeVcXeU CPR

4. SZiWcheV cRmSUeVViRQ WechQiTXe aW aSSURSUiaWe iQWeUYal aV SURmSWed b\ Whe iQVWUXcWRU (fRU SXUSRVeV Rf
WhiV eYalXaWiRQ). SZiWch VhRXld Wake QR mRUe WhaQ 5 VecRQdV.

5. PeUfRUmV high-TXaliW\ cheVW cRmSUeVViRQV dXUiQg 2-UeVcXeU CPR

CheckV foU UeVponViYeneVV b\ Wapping and VhoXWing
ShoXWV foU help/diUecWV Vomeone Wo call foU help aQd geW emeUgenc\ eqXipmenW
CheckV foU no bUeaWhing oU no noUmal bUeaWhing (onl\ gaVping)

CheckV bUachial pXlVe
² ScanV fUom Whe head Wo Whe cheVW foU a minimXm of 5 VecondV and no moUe Whan 10 VecondV

² Can be done VimXlWaneoXVl\ ZiWh check foU bUeaWhing
² CheckV foU a minimXm of 5 VecondV and no moUe Whan 10 VecondV

CoUUecW placemenW of handV/ÀngeUV in cenWeU of cheVW

CompUeVVion UaWe of 100 Wo 120/min

AdeqXaWe depWh foU age

CompleWe cheVW Uecoil afWeU each compUeVVion
AppUopUiaWe UaWio foU age and nXmbeU of UeVcXeUV

Minimi]eV inWeUUXpWionV in compUeVVionV

² 1 UeVcXeU: 2 ÀngeUV jXVW beloZ Whe nipple line oU 2 WhXmb enciUcling WechniqXe

² DeliYeUV 30 compUeVVionV in 15 Wo 18 VecondV

² InfanW: aW leaVW one WhiUd Whe depWh of Whe cheVW (appUo[imaWel\ 1ô incheV [4 cm])
² UVe of a commeUcial feedback deYice oU high-ÀdeliW\ manikin iV UeqXiUed

² 1 UeVcXeU: 30 compUeVVionV Wo 2 bUeaWhV

² DeliYeUV 2 bUeaWhV Vo leVV Whan 10 VecondV elapVeV beWZeen laVW compUeVVion of one c\cle and ÀUVW
compUeVVion of ne[W c\cle

OpenV aiUZa\ adeqXaWel\
DeliYeUV each bUeaWh oYeU 1 Vecond
DeliYeUV bUeaWhV WhaW pUodXce YiVible cheVW UiVe
AYoidV e[ceVViYe YenWilaWion
ReVXmeV cheVW compUeVVionV in leVV Whan 10 VecondV

CoUUecW placemenW of handV/ÀngeUV in cenWeU of cheVW

CompUeVVion UaWe of 100 Wo 120/min

AdeqXaWe depWh foU age

² 2 UeVcXeUV: 2 WhXmb²enciUcling handV jXVW beloZ Whe nipple line

² DeliYeUV 15 compUeVVionV in 7 Wo 9 VecondV

² InfanW: aW leaVW one WhiUd Whe depWh of Whe cheVW (appUo[imaWel\ 1ô incheV [4 cm])



Initial Assessment³Pediatric Assessment Triangle*

Appearance

FUom Whe dooUZa\, \oXU iniWial obVeUYaWion of Whe paWienW. ObVeUYe foU

Work of BreaWhing

CircXlaWion Wo Whe Skin

*If Whe paWienW iV XnUeVponViYe, noW bUeaWhing, oU onl\ gaVping, iniWiaWe Whe PediaWUic BLS AlgoUiWhm foU HealWhcaUe
PUoYideUV³Single ReVcXeU oU PediaWUic BLS AlgoUiWhm foU HealWhcaUe PUoYideUV³2 oU MoUe ReVcXeUV in PaUW 2.

Primar\ Assessment

A: AirZa\

AVVeVVmenW

CompleWe cheVW Uecoil afWeU each compUeVVion
AppUopUiaWe UaWio foU age and nXmbeU of UeVcXeUV

Minimi]eV inWeUUXpWionV in compUeVVionV
² 2 UeVcXeUV: 15 compUeVVionV Wo 2 bUeaWhV

² DeliYeUV 2 bUeaWhV Vo leVV Whan 10 VecondV elapVeV beWZeen laVW compUeVVion of one c\cle and ÀUVW
compUeVVion of ne[W c\cle

AbnoUmal Wone
DecUeaVed inWeUacWion
InconVolable
AbnoUmal look/ga]e
AbnoUmal Vpeech/cU\

AbnoUmal VoXndV
AbnoUmal poViWioning
ReWUacWionV
FlaUing
Apnea/gaVping

PalloU
MoWWling
DXVk\
C\anoViV



InWeUYenWionV

B: BreaWhing

AVVeVVmenW

InWeUYenWionV

C: CircXlaWion

AVVeVVmenW

InWeUYenWionV

D: DisabiliW\

AVVeVVmenW

InWeUYenWionV

E: E[posXre

AVVeVVmenW

IV Whe aiUZa\ mainWainable?
IV Whe aiUZa\ cleaU?
If no Wo an\ of WheVe, beloZ aUe Whe inWeUYenWionV*

MainWain aiUZa\ paWenc\ b\ poViWioning, XVing OPA
SXcWion aV indicaWed
AdYanced aiUZa\ (eg, VXpUagloWWic aiUZa\ oU endoWUacheal WXbe)
If inVeUWing an adYanced aiUZa\, YeUif\ coUUecW placemenW ZiWh ZaYefoUm capnogUaph\

AdeqXaWe depWh and UaWe of UeVpiUaWionV
CheVW UiVe
NoiV\ bUeaWhing (eg, gUXnWing, VWUidoU, Zhee]ing)
UVe of acceVVoU\ mXVcleV, naVal ÁaUing
PXlVe o[imeWU\*

PUoYide high-ÁoZ O2
Bag-maVk deYice ZiWh oU ZiWhoXW OPA
AdYanced aiUZa\
AYoid e[ceVViYe YenWilaWion

AdeqXaWe peUipheUal and/oU cenWUal pXlVe
HeaUW UaWe
Blood pUeVVXUe*
CapillaU\ UeÀll³peUipheUal and/oU cenWUal
Skin coloU and WempeUaWXUe
LeYel of conVcioXVneVV

ObWain IV/IO acceVV
ConVideU ÁXid UeVXVciWaWion

QXickl\ aVVeVV foU UeVponViYeneVV, leYel of conVcioXVneVV, and pXpillaU\ UeVponVe Wo lighW
AVPU: AleUW, Voice, Pain, and UnUeVponViYe
Check poinW-of-caUe glXcoVe

Spinal moWion UeVWUicWionV
CoUUecW h\pogl\cemia
ConVideU nalo[one foU acXWe opioid Wo[iciW\

RemoYe cloWhing Wo peUfoUm a ph\Vical e[aminaWion (anWeUioU and poVWeUioU), looking foU obYioXV VignV of
WUaXma, bleeding, bXUnV, XnXVXal maUkingV, UaVheV, oU medical aleUW bUaceleWV



InWeUYenWionV

*If aW an\ paUW of WhiV VeqXence \oX Ànd WhaW a paWienW haV a life-WhUeaWening condiWion, coUUecWion of WhaW condiWion
WakeV pUecedence oYeU eVWabliVhing baVeline YiWal Vign meaVXUeV, VXch aV blood pUeVVXUe oU pXlVe o[imeWU\. When Whe
pUimaU\ aVVeVVmenW iV compleWed and afWeU life-WhUeaWening pUoblemV haYe been addUeVVed, Whe healWhcaUe pUoYideU
pUoceedV Wo Whe VecondaU\ aVVeVVmenW (ConVenVXV SWaWemenW: EmeUgenc\ Medical SeUYiceV foU ChildUen³
DeÀniWionV and PediaWUic AVVeVVmenW AppUoacheV. ApUil 2005. UpdaWed JXl\ 2015).

RemediaWion

An\ pUoYideU Zho doeV noW paVV boWh VkillV WeVWV Zill pUacWice and XndeUgo UemediaWion dXUing Whe UemediaWion leVVon
aW Whe end of Whe coXUVe.

PUoYideUV Zho UeqXiUe UemediaWion and UeWeVWing Zill be WeVWed in Whe enWiUe Vkill.

Skills Station Competenc\ Checklists

AirZa\ ManagemenW Skills SWaWion CompeWenc\ ChecklisW

CUiWical PeUfoUmance SWepV

The folloZing VWepV aUe opWional. The\ aUe demonVWUaWed and eYalXaWed onl\ Zhen Whe VWXdenW·V Vcope of pUacWice
inYolYeV ET inWXbaWion.

TempeUaWXUe

EnVXUe noUmoWheUmia
ConWUol bleeding
DeconWaminaWion

VeUbali]eV diffeUence beWZeen high-ÁoZ and loZ-ÁoZ O2 deliYeU\ V\VWemV

VeUbali]eV ma[imXm naVal cannXla ÁoZ UaWe foU VWandaUd naVal cannXla (4 L/min)
OpenV aiUZa\ b\ XVing head WilW²chin lifW maneXYeU Zhile keeping moXWh open (jaZ WhUXVW foU WUaXma YicWim)

VeUbali]eV diffeUenW indicaWionV foU OPA and NPA

SelecWV coUUecWl\ Vi]ed aiUZa\ b\ meaVXUing

InVeUWV OPA coUUecWl\
VeUbali]eV aVVeVVmenW foU adeqXaWe bUeaWhing afWeU inVeUWion of OPA
SXcWionV ZiWh OPA in place; VWaWeV VXcWioning noW Wo e[ceed 10 VecondV
SelecWV coUUecW maVk Vi]e foU YenWilaWion

AVVembleV bag-maVk deYice, openV aiUZa\, and cUeaWeV Veal b\ XVing E-C clamp WechniqXe
WiWh bag-maVk deYice, giYeV 1 bUeaWh eYeU\ 2 Wo 3 VecondV foU aboXW 30 VecondV. GiYeV each bUeaWh in
appUo[imaWel\ 1 Vecond; each bUeaWh VhoXld caXVe cheVW UiVe
EndoWUacheal InWXbaWion

² High ÁoZ: O2 ÁoZ e[ceedV paWienW inVpiUaWoU\ ÁoZ, pUeYenWing enWUainmenW of Uoom aiU if V\VWem iV WighW-
ÀWWing; deliYeUV neaUl\ 1.00 FIO2 (eg, nonUebUeaWhing maVk ZiWh UeVeUYoiU high-ÁoZ naVal cannXla)

² LoZ ÁoZ (�10 L/min): paWienW inVpiUaWoU\ ÁoZ e[ceedV O2 ÁoZ, alloZing enWUainmenW of Uoom aiU; deliYeUV
0.22 Wo 0.60 FIO2 (eg, naVal cannXla, Vimple O2 maVk)

² FoU moUe infoUmaWion, Vee inVWUXcWoU demonVWUaWion

² OPA onl\ foU XnconVcioXV YicWim ZiWhoXW a gag UeÁe[
² NPA foU conVcioXV oU VemiconVcioXV YicWim

² OPA fUom coUneU of moXWh Wo angle of mandible

² FoU moUe infoUmaWion, Vee PaUW 8: Managing ReVpiUaWoU\ DiVWUeVV and FailXUe

² SWaWeV eqXipmenW needed foU endoWUacheal (ET) WXbe inWXbaWion pUocedXUe
² DemonVWUaWeV WechniqXe Wo conÀUm pUopeU ET WXbe placemenW b\ ph\Vical e[am and b\ XVing an e[haled

CO2 deYice
² SecXUeV ET WXbe
² SXcWionV ZiWh ET WXbe in place
² FoU moUe infoUmaWion, Vee Table 38. PUe-eYenW EqXipmenW CheckliVW foU EndoWUacheal InWXbaWion

EndoWUacheal inWXbaWion



Rh\Whm DisWXrbances/ElecWrical Therap\ Skills SWaWion CompeWenc\ ChecklisW

CUiWical PeUfoUmance SWepV

VascXlar Access Skills SWaWion CompeWenc\ ChecklisW

CUiWical PeUfoUmance SWepV

Rh\thm Recognition RevieZ

² PUepaUeV eqXipmenW foU ET inWXbaWion
² InVeUWV ET WXbe coUUecWl\

ApplieV 3 ECG leadV coUUecWl\ (oU local eqXipmenW if >3 leadV aUe XVed)

DemonVWUaWeV coUUecW opeUaWion of moniWoU

VeUbali]eV coUUecW elecWUical WheUap\ foU appUopUiaWe coUe Uh\WhmV

SelecWV coUUecW paddle/elecWUode pad foU infanW oU child; placeV paddleV/elecWUode padV in coUUecW poViWion

DemonVWUaWeV coUUecW and Vafe V\nchUoni]ed caUdioYeUVion

DemonVWUaWeV coUUecW and Vafe manXal deÀbUillaWion

² NegaWiYe (ZhiWe) lead: Wo UighW VhoXldeU
² PoViWiYe (Ued) lead: Wo lefW loZeU UibV
² GUoXnd (black, gUeen, bUoZn) lead: Wo lefW VhoXldeU
² FoU moUe infoUmaWion, Vee inVWUXcWoU demonVWUaWion

² TXUnV moniWoU on
² AdjXVWV deYice Wo manXal mode (noW AED mode) Wo diVpla\ Uh\Whm in VWandaUd limb leadV (I, II, III) oU

paddleV/elecWUode padV
² FoU moUe infoUmaWion, Vee inVWUXcWoU demonVWUaWion

² S\nchUoni]ed caUdioYeUVion foU XnVWable SVT, VT ZiWh pXlVeV
² DeÀbUillaWion foU pXlVeleVV VT, VF
² FoU moUe infoUmaWion, Vee PaUW 11: Recogni]ing AUUh\WhmiaV and PaUW 12: Managing AUUh\WhmiaV

² FoU moUe infoUmaWion, Vee PaUW 12: Managing AUUh\WhmiaV

² PlaceV deYice in V\nchUoni]ed mode
² SelecWV appUopUiaWe eneUg\ (0.5 Wo 1.0 J/kg foU iniWial Vhock)
² ChaUgeV, cleaUV, and deliYeUV cXUUenW
² FoU moUe infoUmaWion, Vee PaUW 12: Managing AUUh\WhmiaV

² PlaceV deYice in XnV\nchUoni]ed mode
² SelecWV eneUg\ (2 Wo 4 J/kg foU iniWial Vhock)
² ChaUgeV, cleaUV, and deliYeUV cXUUenW
² FoU moUe infoUmaWion, Vee PaUW 12: Managing AUUh\WhmiaV

VeUbali]eV indicaWionV foU IO inVeUWion

VeUbali]eV ViWeV foU IO inVeUWion (anWeUioU Wibia, diVWal femXU, medial malleolXV, anWeUioU-VXpeUioU iliac Vpine)
VeUbali]eV conWUaindicaWionV foU IO placemenW

InVeUWV IO caWheWeU Vafel\
VeUbali]eV hoZ Wo conÀUm IO caWheWeU iV in coUUecW poViWion; YeUbali]eV hoZ Wo VecXUe IO caWheWeU
AWWacheV IV line Wo IO caWheWeU; demonVWUaWeV giYing IO ÁXid bolXV b\ XVing 3-Za\ VWopcock and V\Uinge

ShoZV hoZ Wo deWeUmine coUUecW dUXg doVeV b\ XVing a coloU-coded lengWh-baVed Wape oU oWheU UeVoXUce

OSWiRQaO: VeUbali]eV coUUecW pUocedXUe foU eVWabliVhing IV acceVV

² FoU moUe infoUmaWion, Vee ReVoXUceV foU Managing CiUcXlaWoU\ EmeUgencieV in PaUW 10

² FUacWXUe in e[WUemiW\
² PUeYioXV inVeUWion aWWempW in Whe Vame bone
² InfecWion oYeUl\ing bone

² FoU moUe infoUmaWion, Vee InVWUXcWoU demonVWUaWion

² FoU moUe infoUmaWion, Vee Table 56. ColoU-Coded LengWh-BaVed ReVXVciWaWion Tape



FLJXUH 54. RK\WKP SWULS 1:
NRUPaO VLQXV UK\WKP, UaWH
100/PLQ.

NoWe WhaW eYeU\ P ZaYe in FigXUe 54 condXcWV Wo Whe YenWUicle, UeVXlWing in a QRS comple[. Be aZaUe WhaW noUmal
heaUW UaWeV aUe age dependenW in Whe pediaWUic popXlaWion. FoU e[ample, a heaUW UaWe of 75/min ZoXld be noUmal foU a
10-\eaU-old bXW bUad\caUdic foU a neonaWe. LikeZiVe, a UaWe of 140/min ZoXld be noUmal foU an infanW bXW Wach\caUdic
foU an adoleVcenW.

FLJXUH 55. RK\WKP SWULS 2:
SLQXV bUaG\caUGLa.

NoWe WhaW Whe P ZaYeV in FigXUe 55 UeVXlW in a QRS comple[ (condXcWed Wo Whe YenWUicle). The UaWe iV YeU\ VloZ
(appUo[imaWel\ 45/min). SinXV bUad\caUdia iV ofWen a manifeVWaWion of h\po[emia and acidoViV. IW ma\ be Veen in
healWh\ childUen, paUWicXlaUl\ dXUing Vleep.

FLJXUH 56. RK\WKP SWULS 3:
SLQXV WacK\caUGLa, 180/PLQ.

NoWe WhaW P ZaYeV in FigXUe 56 aUe YiVible pUeceding eYeU\ QRS. The UaWe foU VinXV Wach\caUdia ma\ YaU\ accoUding Wo
age. In an infanW, VinXV Wach\caUdia coXld be aV high aV 220/min.

FLJXUH 57. RK\WKP SWULS 4:
SLQXV UK\WKP ZLWK ÀUVW-
GHJUHH KHaUW bORcN.

NoWe WhaW Whe PR inWeUYal in FigXUe 57 iV pUolonged (0.3 Vecond). ThiV iV ofWen a UeÁecWion of incUeaVed Yagal Wone and
ma\ be Veen in healWh\ childUen. LeVV ofWen, iW can be a Vign of inWUinVic aWUioYenWUicXlaU node diVeaVe, m\ocaUdiWiV,
elecWUol\We diVWXUbanceV (VXch aV h\peUkalemia), h\po[emia, dUXg Wo[iciW\ (VXch aV digo[in, ћ-blockeU, oU calciXm
channel blockeU), oU acXWe UheXmaWic feYeU.

FLJXUH 58. RK\WKP SWULS 5:
SHcRQG-GHJUHH KHaUW bORcN,
MRbLW] W\SH I, RU
WHQcNHbacK.

NoWe WhaW Whe PR inWeUYal in FigXUe 58 pUogUeVViYel\ pUolongV XnWil a P ZaYe failV Wo condXcW Wo Whe YenWUicle. Like ÀUVW-
degUee heaUW block, WhiV iV ofWen Veen in healWh\ childUen, eVpeciall\ dXUing Vleep. IW ma\ alVo be a manifeVWaWion of
dUXg Wo[iciW\, VXch aV digo[in, ћ-blockeU, oU calciXm channel blockeU.

FLJXUH 59. RK\WKP SWULS 6:
SHcRQG-GHJUHH KHaUW bORcN,
MRbLW] W\SH II.



NoWe WhaW Vome, bXW noW all, of Whe P ZaYeV in FigXUe 59 do noW condXcW Wo Whe YenWUicle. TheUe iV no pUogUeVViYe
pUolongaWion of Whe PR inWeUYal. ThiV iV a Vign of inWUinVic condXcWion V\VWem diVeaVe, W\picall\ UelaWed Wo caUdiac
VXUgeU\ oU m\ocaUdial inÁammaWion oU infaUcWion.

FLJXUH 60. RK\WKP SWULS 7:
TKLUG-GHJUHH (cRPSOHWH)
KHaUW bORcN ZLWK YHQWULcXOaU
HVcaSH UK\WKP.

NoWe WhaW none of Whe P ZaYe in FigXUe 60 condXcWV Wo Whe YenWUicle. OfWen Whe QRS comple[ ´maUcheVµ aW a conVWanW
inWeUYal becaXVe of jXncWional oU YenWUicXlaU eVcape Uh\Whm. TheUe iV no UelaWion beWZeen P ZaYeV and QRS
comple[eV. OccaVionall\ WhiV iV a UeVXlW of VeYeUe h\po[emia and acidoViV. ThiV ma\ alVo be a manifeVWaWion of
damage Wo Whe aWUioYenWUicXlaU node oU e[WenViYe condXcWion V\VWem diVeaVe, VXch aV WhaW Veen afWeU caUdiac VXUgeU\,
oU m\ocaUdiWiV, oU ZiWh congeniWal compleWe heaUW block.

FLJXUH 61. RK\WKP SWULS 8:
SXSUaYHQWULcXOaU
WacK\caUGLa, 230/PLQ.

NoWe WhaW Whe QRS comple[eV in FigXUe 61 aUe naUUoZ and UegXlaU, Whe UaWe iV YeU\ faVW (gUeaWeU Whan 200/min), and P
ZaYeV aUe noW obYioXV.

FLJXUH 62. RK\WKP SWULS 9:
AWULaO ÁXWWHU.

NoWe WhaW WheUe iV a ´VaZWooWhµ paWWeUn Wo Whe P ZaYeV in FigXUe 62, UeÁecWing an e[WUemel\ Uapid aWUial UaWe.
CondXcWion of Whe P ZaYeV Wo Whe YenWUicle ma\ be YaUiable, UeVXlWing in an iUUegXlaU QRS UaWe.

FLJXUH 63. RK\WKP SWULS 10:
VHQWULcXOaU WacK\caUGLa,
150/PLQ.

NoWe WhaW Whe QRS comple[eV in FigXUe 63 aUe Zide (gUeaWeU Whan 0.09 Vecond), UegXlaU, and faVW. The QRS
moUphologieV aUe all idenWical, chaUacWeUi]ing iW aV monomoUphic YenWUicXlaU Wach\caUdia. P ZaYeV aUe noW idenWiÀable.

FLJXUH 64. RK\WKP SWULS 11:
PRO\PRUSKLc YHQWULcXOaU
WacK\caUGLa.

NoWe WhaW Whe QRS comple[eV in FigXUe 64 aUe Zide, iUUegXlaU, and YeU\ faVW (gUeaWeU Whan 200/min). The QRS
comple[eV YaU\ in appeaUance, chaUacWeUi]ing iW aV pol\moUphic. In facW, WheUe iV a phaVe change dXUing WhiV UecoUding
ZheUe Whe QRS comple[eV aUe iniWiall\ poViWiYe and When become negaWiYe befoUe UeWXUning Wo poViWiYe polaUiW\. ThiV iV
a WoUVadeV de poinWeV (´WXUning of poinWVµ) W\pe of pol\moUphic YenWUicXlaU Wach\caUdia, Veen moVW ofWen in VWaWeV
ZheUe Whe QT inWeUYal iV pUolonged dXUing Whe baVeline.



FLJXUH 65. RK\WKP SWULS 12:
VHQWULcXOaU ÀbULOOaWLRQ.

NoWe WhaW WheUe aUe no deÀnable QRS comple[eV in FigXUe 65, jXVW iUUegXlaU diVoUgani]ed elecWUical acWiYiW\.

FLJXUH 66. RK\WKP SWULS 13:
SLQXV UK\WKP ZLWK SHaNHG T
ZaYHV.

NoWe hoZ Whe T ZaYeV in FigXUe 66 haYe incUeaVed ampliWXde and aUe eYen laUgeU Whan Whe QRS comple[eV. ThiV ma\
be indicaWiYe of h\peUkalemia.

Learning Station Competenc\ Checklists and PALS Case Scenario Testing
Checklists

The leaUning VWaWion compeWenc\ checkliVWV pUoYide deWailed deVcUipWionV of Whe cUiWical peUfoUmance VWepV WhaW \oX Zill
peUfoUm aW each leaUning/VkillV VWaWion.

AddiWionall\, Whe caVe VcenaUio WeVWing checkliVWV pUoYide Whe VWepV \oX Zill peUfoUm dXUing each caVe VcenaUio WeVW.
YoXU inVWUXcWoU Zill eYalXaWe \oXU VkillV on Whe baViV of WheVe deVcUipWionV.

If \oX peUfoUm a VpeciÀc Vkill e[acWl\ aV deVcUibed in Whe cUiWical peUfoUmance cUiWeUia deWailV, Whe inVWUXcWoU Zill check
WhaW VpeciÀc Vkill aV ´paVVing.µ If \oX do noW peUfoUm a VpeciÀc Vkill e[acWl\ aV iW iV deVcUibed, Whe Vkill Zill noW be
checked off and \oX Zill UeqXiUe UemediaWion in WhaW Vkill.

SWXd\ WheVe checNOiVWV VR WhaW \RX ZiOO be abOe WR SeUfRUP each VNiOO cRUUecWO\.
































